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(57) Disclosed is a method, for forming a film locally 
on a substrate, which comprises the steps o( detecting 
the state of the substrate employing the obtained result 
to calculate positional information concerning a plurality 
of locations at which the material tor the film is to be 
provided to form the film, and providing the material for 
the film at the plurality of locations based on the posi- 
tional information that is obtained for the plurality of lo- 
cations. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001] The present invention relates to a method for 
forming a plurality of films, a method for fabricating an 
electron emitting element that employs those films, and 
a method for manufacturing an image forming appara- 
tus that employs the electron emitting element. 

Related Background Art 

[0002] Conventionally, electron emitting elements are 
sorted into two types: athermoetectron emitting element 
and a cold-cathode electron emilting element. The cold- 
cathode electron emitting element includes a field-effect 
emitting type (hereinafter referred to as an "FE type"), 
a metal/insulating layer/metal type (hereinafter referred 
to as an "M1M type') and a surface conductive type. A 
well known electron emitting element of the FE type is 
disclosed in, for example, "Field Emission,* W.P. Dyke 
& W.W. Doran. Advance in Electron Physics, 8, 89 
(1956) or "Physical Properties of Thin-film field Emis- 
sion Cathodes with Molybdeniumcones," C.A Spindt, J. 
Appi. Phys., 47, 5248 (t 976). 
[0003] A well known electron emitting element of the 
Ml M type is disclosed in, for example, 'Operation of Tun- 
nel-Emission Devices," C.A. Mead, J. Appl. Phys., 32, 
646(1961). 

[0004] A well known electron emitting element of a 
surface conductive type is disclosed in, for example, Ra- 
dio Eng. Electron Phys., 10, 1290 (1965) by M.I. Elinson. 
[0005] The electron emitting element of a surface con- 
ductive type supplies a current to a thin film, which is 
formed on a small area of a substrate that is parallel to 
the surface of the film, that emits electrons. Such elec- 
tron emitting elements of a surface conductive type are 
the one disclosed above by Elinson that employs Sn02 
thin film, one that employs Au thin film (Thin Solid Films, 
9, 317 (1 972), G. Dittmer), one that employs In^OySnOg 
(IEEE Trans. ED Conf., 51 9 (1975), M. Hartwelt and C. 
G. Fonstad), and one that employs a thin carbon film 
(vacuum, Vol. 26. 1, page 22 (1983), Hisashi Araki, et 
al.). 

[0006] In Fig. 17 is shown the arrangement of the el- 
ement disclosed by M. Hartweli as a specific example 
of an electron emitting element ol a surface conductive 
type. In Fig. 17, a substrate 1 and element electrodes 2 
and 3 are provided for the emitting element. A thin con- 
ductive film 4 is a thin metal oxide film having a re- 
shaped pattern that is formed by sputtering, and an elec- 
tron emitting portion 5 that is formed by an electrification 
process that is called electroforming, which will be de- 
scribed later. In Fig. 17, interval L between the element 
electrodes is set to 0.5 to 1 mm, and distance W* is set 
to 0. 1 mm. The location and the shape of the electron 



emitting portion 5 are not fixed, and are specifically rep- 
resented. 

[0007] Generally, in a conventional electron emitting 
element of a surface conductive type, before the emis- 

s s ion of electrons the electrification process called elec- 
troforming is performed for the thin conducive film 4. and 
the electron emitting portion 5 is formed. That is, the 
electroforming is the formation of the electron emitting 
portion by an electrification process. For example, a di- 

70 rect current voltage or a very gradually boosting voltage, 
such as 1 V/min., is applied to both ends of the thin con- 
ductive film 4 to tocatty destroy, or deform or degenerate 
the film 4, and the electron emitting portion 5 that elec- 
trically is highly resistant is formed. The electron emit- 

'5 ting portion 5 emits electrons in the vicinity of a crack 
that occurs in one part of the thin conductive film 4. The 
electron emitting element for which the electroforming 
process has been performed applies a voltage to the 
thin conductive film 4 and permits the emission of elec- 

zo trons by the electron emitting portion 5. 

[0008] Since the electron emitting element of a sur- 
face conducive type is simply arranged and easily fab- 
ricated, multiple elements of these types can be formed 
and arranged in a large area Therefore, various appli- 
es cations are being studied to determine the effective use 
of this characteristic. A load beam source and an image 
display device are example applications. 
[0009] In Fig. 1 8 is shown the arrangement of an elec- 
tron emitting element disclosed in Japanese Patent Ap- 

30 plication Laid-open No. 2-56822. In Fig. 18, the electron 
emitting element comprises: a substrate 1, element 
electrodes 2 and 3, a thin conductive film 4, and an elec- 
tron emitting portion 5. various methods are available 
for fabricating the substrate of the electron emitting el- 

35 ement. For example, an ordinary vacuum deposition 
technique or photolithography technique is employed to 
form the element electrodes 2 and 3 on the substrate 1. 
Then, the th in conductive film 4 is formed by a dispersive 
coating method, following which a voltage is applied to 

40 the element electrodes 2 and 3, to electrify them and to 
form the electron emitting portion 5. 
[0010] In addition, a further example is an electron 
source wherein multiple electron emitting elements of a 
surface conductive type are arranged in parallel to form 

46 multiple rows, and both ends (both of the element elec- 
trodes) of each electron emitting element are terminated 
by a wiring (also called a common wiring) (e.g., Japa- 
nese Patent Application Laid-Open No. 64-31332, No. 
1-283749 and No. 2-257552). 

so [0011] An example display device is proposed that 
can be fabricated so that it is as flat as a liquid crystal 
display device, but that is self-emitting and does not re- 
quire a backlight. Such a display device comprises an 
electron source, wherein multiple electron emitting ele- 

& ments of a surface conductive type are arranged, and a 
fluophor that emits visible light upon irradiation with an 
electron beam originating at the electron source (USP 
5,066.883). 
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[0012] The present inventor proposed a method, for 
fabricating an electron emitting element of a surface 
conductive type, thai is advantageous for the formation 
of a conductive film to cover a large area, without resort- 
ing to the use of the vacuum sputtering method or the 
vacuum deposition method. According to another exam- 
ple method, an organic metal content solution is spin- 
ner-coated onto the substrate, and the film is patterned 
into a desired shape and is thermally cracked to form a 
conductive film. In addition, in Japanese Patent Appli- 
cation Laid-Open No. 8-171950 a method is proposed 
whereby, at a step in the patterning of a conductive film 
to provide a desired shape, droplets of an organic metal 
content solution are applied to the substrate using an 
ink-jet method, such as the bubble -jet method or the pi- 
ezo-jet method, instead of the photolithography method, 
and a conductive film having a desired shape is formed. 
[0013] According to the conventional ink-jet method 
described in Japanese Patent Application Laid-open 
No. 8-171850, when wirings, an insulating layer and el- 
ement electrodes can be fabricated as designed to form 
the substrato, the locations whereat it is determined the 
electron emitting portions are to be formed are arranged 
at intervals relative to a reference position on the elec- 
tron source substrate. Therefore, when liquid droplets 
are ejected at a constant cyclic rate, as designed, they 
can be easily applied to the electron source subslrate. 
However, in actuality, the widths and locations of the wir- 
ings and the insulating layer fabricated in or between 
the substrates by screen printing may vary. Thus, if the 
liquid droplets are applied as designed, when they con- 
tact the insulating layer and wirings they are absorbed, 
and no electron source is formed. Because of this de- 
fect, the resultant substrate can not fully satisfy the re- 
quirements for an electron source substrate. 

SUMMARY OF THE INVENTION 

[0014] According to the present invention, an innova- 
tive film formation method is provided. In particular, a 
method for accurately and efficiently forming a film is 
provided. 

[001 5] A film formation method according to one as- 
pect of ihe present invention follows. 
[0016] A method for forming a fitm locally on a sub- 
strate comprises the steps of: 

detecting the stale of the substrate; 
employing the obtained result to calculate positional 
information concerning a plurality of locations at 
which the material for the film is to be provided to 
form the film; and 

providing the material for the film at the plurality of 
locations based on the positional information that is 
obtained for the plurality of locations. 

[0017] Using this method, a film can be formed effi- 
ciently. 



[001 8] Further, the present invention can be prefera- 
bly employed when the film is a conductive film. And In 
addition, the present invention can be preferably em- 
ployed when the film is composed of a material used to 
5 constitute an electron emitting element of a surface con- 
ductive type. 

[0019] The state of the substrate that is detected is 
the state of a portion wherein the material is to be pro- 
vided, or an area in the vicinity of the portion. 
io [0020] The state of the substrate that is detected con- 
cerns image information for the substrate. More specif- 
ically, the state is detected by image input means, such 
as a CCD camera. 

[0021] The state of the substrate that is detected con- 
is cems the arrangement of components on the substrate. 
[0022] The state of the substrate that is detected con- 
cerns the arrangement of electrodes on the substrate. 
The present invention can be preterably employed when 
the electrodes are electrically connected to a conductive 
20 film. 

[0023] The slate of the substrate that is detected con- 
cerns the arrangement of wirings on the substrate. The 
wirings, for example, are electrically connected to a film, 
in particular, to a conductive film. For the electric con- 

25 nection, another electrode may be located between the 
wirings and the conductive fitm. 
[0024] The state of the substrate that is detected con- 
cerns the arrangement of an insulating layer on the sub- 
strate. The insulating layer is used to limit conductivity 

30 between the wirings on the substrate. 

[0025] The state of the substrate that is detected con- 
cerns the arrangement of a common wiring to which a 
plurality of films, in particular, conductive films, are elec- 
trically connected, or of a member that accompanies the 

3S common wiring. The state wherein the common wiring 
or the accompanying member is arranged is detected, 
and based on this result, the positional information is 
obtained that concerns the locations at which the mate- 
rial is to be deposited tor the conductive films that are 

40 to be connected to the common wiring. Therefore, the 
required positional information can be obtained even if 
not all the states have been detected that are concerned 
with the locations at which the conductive films are to 
be provided that are to be connected to the common 

45 wiring. In addition, the member that accompanies the 
common wiring is, for example, a member that comple- 
ments the function of the common wiring. Such a mem- 
ber is an insulating member used to electrically isolate 
the common wiring. 

so [0026] The substrate is an insulating element. 

[0027] The calculation ol the positional information in- 
cludes a calculation of information that concerns a loca- 
tion at which the material is to be provided. 
[0028] The step of calculating the positional informa- 

55 Hon for the locations includes a step ol employing, to 
calculate positional information for each of the plurality 
ol locations, the detected state of the substrate that con- 
cerns locations that are fewer in number than the plu- 
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rality of locations. For example, positional information 
concerning a location at which the state of the substrate 
has not been detected can be calculated by employing 
the detection result concerning another location. 
[0029] The calculation of the positional information in- 
cludes the calculation of a compensation value that is 
used to compensate for a control value for controlling 
the locations whereat the material is to be provided The 
control value is that used for controlling the relative lo- 
cations of the substrate and a unit for providing the ma- 
terial. The compensation value is that used for compen- 
sating for a difference between the locations whereat 
the material has to be provided and locations whereat 
the material is to be provided when the compensation 
is not performed. 

[0030] The material can be provided in liquid form. 
The material can be an organic metal solution. The ma- 
terial can be provided by an ink-jet device. The ink-jet 
device may be one for outputting a liquid using thermal 
energy, e.g.. for using thermal energy to generate air 
bubbles in a liquid to output the liquid, or may be one for 
outputting a liquid using dynamic energy, i.e., for output- 
ting a liquid using a piezoelectric element. 
[0031] The material is sequentially provided at the 
plurality of locations. 

[0032] The material is provided at the plurality of lo- 
cations by the same provision unit. 
[0033] The material is provided at the plurality of lo- 
cations by a plurality of provision units. 
[0034] The material is sequentially provided at the 
plurality of locations while the relative locations of the 
provision unit and the substrate are changed. 
[0035] The material is sequentially provided at the 
plurality of locations at each of several locations for the 
plurality of locations. 

[0036] The plurality of locations are preferably ar- 
ranged in columns or in rows. The present invention is 
especially preferable when an arrangement includes a 
plurality o! columns or rows. 

[0037] The film formation method may include a step 
of annealing the material that is provided. A film may be 
stabilized by annealing. 

[0038] The present application includes the following 
three inventions. The above described invention can be 
applied to the following three inventions. 
[0039] A method: for forming a plurality of conductive 
films that aro to be electrically connected to a common 
wiring, comprises the steps ol: 

detecting the arrangement state of the common wir- 
ing or of a member that accompanies the common 
wiring; 

employing the obtained result to calculate positional 
information concerning a plurality ol locations at 
which is to be provided a material for the plurality of 
conductive films that are to be electrically connect- 
ed to the common wiring; and 
providing at the locations, based on the positional 



information, the material for the conductive films. 

[0040] This arrangement is preferable because, even 
when the slates of the substrate that corresponds to all 

* those locations are not detected the positional informa- 
tion can be obtained tor the locations at which the ma- 
terial for the conductive films is to be provided. 
[0041] A method, for manufacturing an electron 
source including a plurality ol electron emitting ele- 

'0 ments, comprises the steps of: 

locally forming, on a substrate, conductive films that 
at least partially constitute the electron emitting el- 
ements, the step including 

J5 

detecting the state of the substrate, 
employing the obtained results to calculate po- 
sitional information concerning a plurality of lo- 
cations at which the material for the conductive 
20 films are to be provided to form the conductive 

films, and 

providing the material for the conductive films 
at the plurality of locations based on the posi- 
tional information that is obtained; and 

25 

forming an electron emitting unit in at least one part 
ol each of the conductive films. 

[0042] A method, for manufacturing an electron 
so source having a plurality of electron emitting elements 
that are to be connected to a common wiring, comprises 
the steps of: 

detecting the arrangement state of the common wir- 
ing or of a member that accompanies the common 
wiring: 

employing the obtained result to calculate positional 
information concerning a plurality of locations at 
which is to be provided a material for the plurality ol 
conductive films that are to be electrically connect- 
ed to the common wiring; 

providing at the locations, based on the positional 
information, the material for the conductive films; 
and 

forming an electron emitting unit in at least one part 
of each of the conductive films. 

[0043] According to the method for manufacturing an 
electron source, the step of forming the electron emitting 
unit includes a step of electrifying the conductive films. 
The electron emitting elements are electron emitting el- 
ements of a surface conductive type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0044] 

Fig. 1 is a schematic diagram illustrating an appa- 
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rat us used for correcting a location at which a liquid 
droplet is to be deposited; 
Fig. 2 is a schematic diagram illustrating the appa- 
ratus used for correcting a location at which a liquid 
droplet is to be deposited; s 
Fig. 3 is a schematic diagram illustrating the ar- 
rangement of an ejection head unit; 
Figs. 4A, 4B, 4C and 4D are plan views of wirings 
formed as designed, and wirings that are shifted 
from designed values; io 
Figs. 5 A, 5B and 5C are schematic diagrams show- 
ing an image to be processed, a correction matrix 
table, and an electron source substrate according 
to a first embodiment of the present invention; 
Figs. 6A, 6B and 6C are schematic diagrams show- '5 
ing a correction matrix table, and an electron source 
substrate according to a second embodiment of the 
present invention; 

Figs. 7 A, 7B and 7C are schematic diagrams show- 
ing an image to be processed, a correction matrix *o 
table, and an electron source substrate according 
to a third embodiment of the present invention; 
Fig. 8 is a specific diagram illustrating an electron 
source substrate having a matrix-shaped arrange- 
ment; 25 
Figs. 9 A and 9B are a specific plan view, and a 
cross-sectional view of the arrangement of an elec- 
tron emitting element of a surface conductive type 
that is fabricated using a method according to the 
present invention; so 
Figs. 10A and 10B are graphs, each of which show 
an example drive pulse that is supplied during a 
forming process; 

Fig. 11 is another specific diagram illustrating an 
electron source having a matrix-shaped arrange- 35 
ment; 

Fig. 12 is a schematic diagram illustrating an image 
forming apparatus employing an electron source 
having a malrix-shaped arrangement; 
Figs. 1 3A and 1 3B are diagrams showing fluophor <0 
films patterns; 

Fig. 14 is a block diagram illustrating an example 
drive circuit that in accordance with an NTSC sig- 
nal, provides a display for the image forming appa- 
ratus; 4S 
Fig. 15 is a specific diagram illustrating an electron 
source substrate having a rudder-shaped arrange- 
ment; 

Fig. 16 is a schematic diagram illustrating the ar- 
rangement of an image forming apparatus that em- so 
ploys an electron source having a rudder-shaped 
arrangement; 

Fig. 1 7 is a specific plan view of a conventional elec- 
tron emitting element; 

Fig. 1 8 is a specific perspective view of another con- & 
ventional electron emitting element; 
Figs. 19A, 19B and 19C are schematic diagrams 
illustrating an image to be processed, a correction 



matrix table, and an electron source substrate ac- 
cording to a fourth embodiment of the present in- 
vention; 

Fig. 20 is a flowchart for explaining a method ac- 
cording to the present invention for correcting a lo- 
cation at which a liquid droplet is to be deposited; 
Fig. 21 is a schematic diagram illustrating an exam- 
ple vacuum processing device (measurement eval- 
uation device) that can be employed to fabricate an 
electron emitting element according to the present 
invention; 

Fig. 22 is a graph showing the electron emitting 
characteristic of the electron emitting element ac- 
cording to the present invention; 
Figs. 23A and 23B are specific diagrams showing 
the state wherein liquid droplets are applied to ele- 
ment electrodes according to a fifth embodiment of 
the present invention; 

Figs. 24A and 24B are specific diagrams showing 
the state wherein liquid droplets are applied to the 
element electrodes according to the fifth embodi- 
ment; 

Figs. 25A and 25 B are specific diagrams showing 
a method for depositing liquid droplets according to 
the fifth embodiment; 

Fig. 26 is a specific diagram showing liquid droplets 
that are deposited according to the fifth embodi- 
ment; 

Fig. 27 is a flowchart showing the processing for 
forming a conductive film according to the fifth em- 
bodiment; 

Figs. 28A and 28B are diagrams showing a method 
for depositing liquid droplets according to a sixth 
embodiment of the present invention; 
Fig. 29 is a specific diagram showing liquid droplets 
that have been deposited according to the sixth em- 
bodiment; 

Fig. 30 is a topological diagram for explaining a 
method for depositing liquid droplets according to a 
seventh embodiment of the present invention; 
Fig. 31 is a diagram for explaining the correction of 
locations whereat liquid droplets are deposited ac- 
cording to an eighth embodiment of the present in- 
vention; 

Fig. 32 is a diagram illustrating the arrangement of 
a liquid droplet depositing apparatus that is em- 
ployed for fabricating an electron source according 
to the eighth embodiment, and 
Fig. 33 is a diagram illustrating the arrangement of 
the ejection head unit of the liquid droplet depositing 
apparatus according to the eighth embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(Embodiment 1) 

[0045] The present invention will now be described 
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while referring to the accompanying drawings. 
[0046] A flat electron emitting element of a surface 
conductive type will now be described while referring to 
Figs. 9A and 9B. 

[0047] Fig. 9A is a specific plan viewot the basic struc- 
ture of a flat electron emitting element of a surface con- 
ductive type according to the preferred embodiments of 
the present invention, and Fig. 9B is a cross-sectional 
view taken along line 9B. 

[0048] In Figs. 9A and 9B, the electron emitting ele- 
ment comprises a substrate 1 , element electrodes 2 and 
3, a thin conductive film 4 and an electron emitting por- 
tion 5. 

[0049] The substrate 1 can be one that is formed of 
silica glass or glass having a reduced content of an im- 
purity such as Na, a blue sheet glass, a glass substrate 
wherein SiO a is deposited, or a ceramics substrate 
formed of alumina 

[0050] An ordinary conductive material is employed 
to form the element electrodes 2 and 3, and can be se- 
lected from among the metals, or alloys ot : Ni, Cr, Au, 
Mo, W, Ft. Ti. At, Cu or Pd: a print conductor that con- 
sists of a metal, or a metal oxide of, Pd. As. Ag. Au, 
Ru0 2 or Pd-Ag, and glass; a transparent conductive 
material, such as In 2 0 3 -Sn0 2 ; and a semiconductor 
conductive material, such as polysilicon. 
[0051] The interval L between the element electrodes 
2 and 3 is preferably several hundreds of A to several 
hundreds of um Since it is preferable that a bw voltage 
be applied to the element electrodes 2 and 3 t and since 
reproducible fabrication of the element is requested, an 
adequate interval L is several ujti to several tens of urn 
The length W1 of the element electrode 2 or 3 is several 
um to several hundreds of pm, in accordance with the 
resistance and electron emitting characteristic of the 
electrodes. The film thickness d of the element elec- 
trodes 2 and 3 is preferably several hundreds of A to 
several um. More preferably, adequate shapes of, and 
an adequate interval between the element electrodes 
are determined in accordance with the distribution of the 
thin conductive film 4. 

[0052] In order to obtain a desirable electron emitting 
characteristic, it is particularly preferable that the thin 
conductive film 4. in which is located the electron emit- 
ting portion 5, be formed of particulates. The thickness 
of the film 4 is adequately set in accordance with the 
states of the element electrodes 2 and 3 and an elcc- 
troforming condition, which will be described later. The 
thickness of the film 4 is preferably several A to several 
thousands of A. and more preferably 10 to 500 A. The 
sheet resistance is 10 2 to 10 7 £2/Q 
[0053] The material used for forming the thin conduc- 
tive film 4 can be one of the metals Pd. Pt. Ru, Ag. Au, 
Tt, ln : Cu, Cr. Fe, Zn, Sn, Ta, W or Pb; an oxide of PdO, 
SnOg, ln 2 0 3 , PbO or SbgO^ a boride of HfBfc, ZrBj. 
LaB B . CeB 6 , YB 4 or GdB 4 ; a carbide of TiC. ZrC, HfC. 
TaC, SiC or WC; a nitride of TiN, ZrN or HtN; a semicon- 
ductor of Si or Ge; or carbon. 



[00S4] The particulate film is a set of a plurality of par- 
ticulates. In the micro-structure of the film, not only are 
individual particles dispersed and arranged, but also the 
particles are positioned adjacent to each other or are 
5 overlapped (including particles that are arranged in the 
shape of an island). The diameter of a particle can be 
several A to several thousands of A, but is preferably 10 
to 200 A 

[0055] An explanat ion wil I now be given of one meth- 
io od, according to a first embodiment of the present &v 
vention, that is used to form a thin conductive film for 
the electron emitting element of a surface conductive 
type. 

[0056] Figs. 1 and 2 are schematic diagrams illustrat- 
es jng an apparatus used for correctly positioning the drop- 
lets of a solution that are deposited to form a thin con- 
ductive film. Fig. 3 is a schematic diagram illustrating 
the arrangement of an ejection head unit. In Figs. 1 to 
3 are shown element electrodes 2 and 3; an ejection 
20 head unit 6: a CCD camera unit 7; an ink-jet head 8; a 
liquid droplet 9; an image processing device 14; 8n elec- 
tron source substrate (wirings and an insulating layer 
are not shown) 81; a head alignment mechanism 12; a 
stage 1 5, for which an XY direction scanning mecha- 
25 nism (not shown) is provided; a position detecting mech- 
anism 16 (which employs a laser displacement device 
to detect the positioning of the stage); a position correc- 
tion mechanism 1 7, for controlling the head alignment 
mechanism 12; an ink-jet control and drive mechanism 
30 is; a computer 19; and a correction matrix table 28. 
[0057] Any type of apparatus that can form arbitrarily 
shaped liquid droplets can be employed as the ejection 
head unit 6 Preferably, an ink-jet apparatus is used that 
can control the ejection of more than ten ng to several 
35 tens of ng, and (hat can form a liquid droplet composed 
of a minute amount comprising several tens of ng or 
more. The type of ink-jet type apparatuses used in- 
cludes a system (a bubblo-jot system) that employs 
thermal energy to generate air bubbles in a solution and 
40 that ejects the sol ution as a consequence of the gener- 
ation of air bubbles, and a system (a piezo-jet system) 
that employs dynamic energy to eject a solution. 
[0058] The material ol which the liquid droplet 9 is 
composed may be maintained in an arbitrary state 
46 wherein droplets can be formed. An organic metal solu- 
tion in which is dispersed one of the above described 
metals, and that is prepared by dissolving the metal in 
water, or another solvent, can be employed as the ma- 
terial for the liquid droplet 9. When, for example, palla- 
so dium is selected as the element or the chemical com- 
pound to be employed tor the thin conductive film, the 
materia! can be compounded as an aqueous solution 
that contains an ethanolamine complex, such as a pal- 
ladium acetate-ethanolamine complex (PA-ME), a pal- 
ladium acetate-diethanoi complex (PA-DE), a palladium 
acetate-triothanolamine complex (PA-TE). a palladium 
acetate-bury lethanolamine complex (PA-BE) or a palla- 
dium acetate-dimethylethanolamine complex (PA- 
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DME). The liquid droplet 9 is ejected by the ink-jet head 
8 and is deposited at a desired location between the el- 
ement electrodes 2 and 3. According to the present in- 
vention, a correction is performed for a shift between 
design values on the substrate whereon are formed the 
wirings, the insulating layer and the element electrodes. 
The correction method will now be described while re- 
ferring to the flowchart in Fig. 20. 

1. An image is obtained by the CCD camera unit 7, 
and the center of gravity of a pattern of region at 
which liquid droplet has to be deposited is calculat- 
ed by the image processing device 14. 

2. The center of gravity of the pattern is obtained 
using the positional information (or the center ot 
gravity of the pattern, and the positional information 
obtained by the position detecting mechanism 16, 
which detects the position of the stage 15 on which 
is mounted the XY direction scanning mechanism. 
Based on the center of gravity that is obtained, a 
target liquid provision position (a measurement val- 
ue) is detected by the computer 1 9. Then, the meas- 
urement value is compared with the design value, 
and the correction matrix table 28 is prepared by 
the computer 19 (Fig. 1). 

3. Following this, the ink-jet head 8 is moved relative 
to the substrate in accordance with the correction 
matrix table 28, and the liquid droplet 9 is deposited 
at a desired location between the element elec- 
trodes 2 and 3 on the electron source substrate 81 . 
For the correction of a location based on the correc- 
tion matrix table 28, the value of the correction ma- 
trix table 28 is transmitted by the computer 1 9 to the 
position correction mechanism 17, which then 
drives the head alignment mechanism 12 to slightly 
adjust the positioning of the head 8 (Fig. 2). The im- 
age processing device 14 can be a device for cal- 
culating the conter of gravity of a binary imago lying 
within a constant range, a device for performing a 
differential calculation for an image lying within a 
specific range and for extracting the outline of a 
member in order to calculate a predetermined po- 
sition, or a device for matching a pattern with an ide- 
al image {a pattern as originally designed) in order 
to calculate a predetermined position. A device that 
is presently available on the market can used to im- 
plement the above imago processing. 

[0059] In order to precisely deposit liquid droplets, the 
pre-ejection of liquid droplets is performed before the 
liquid is deposited between the element electrodes (an 
area on the substrate wherein pf e -ejection is permitted, 
or a pre-ejected portion obtained on the stage outside 
the substrate is employed), and the relationship be- 
tween the position of the ink-jet head 8 and the location 
at which a liquid droplet is deposited is measured. 
[0060] The electron substrate 81 is annealed at a tem- 
perature of 300 to 400°C, and the thin conductive film 4 



is formed thereon. 

[0061] The electron emitting portion 5 is a highly re- 
sistant crack that is formed in the thin conductive film 4 
by efectroforming. Conductive particles having a diam- 

s eter of several A or several hundreds of A may be 
present in the crack. The conductive particles include at 
least one part of the element employed for the thin con- 
ductive film 4. The electron emitting portion 5 and the 
thin conductive tiim in its vicinity may contain carbon or 

to a carbon compound. 

[0062] In the electroforming process, the element 
electrodes 2 and 3 are electrified by a power source (not 
shown), and the thin conductive film 4 is locally de- 
stroyed, deformed or degenerated to form a portion in 

»s which the structure is changed. The local portion where- 
in the structure is changed is called the electron emitting 
portion 5. Example vottage waveforms for the electro- 
forming are shown in Figs. 1 0A and 10B. 
[0063] A pulse waveform is prelerabfe as the voltage 

20 waveform. An explanation will now be given for a case 
wherein a voltage pulse having a constant pulse pitch 
is sequentially applied (Fig. 10A) and a case whorein a 
vottage pulse is applied while increasing the pulse pitch 
(Fig. 10B). 

^5 [0064] In Fig. 10A, T1 and T2 represent the pulse 
width and the pulse interval of a voltage wave. T1 is de- 
fined as 1 u. second to 10 m seconds, and T2 is defined 
as 10 p seconds to 100 m seconds. The pitch of a trian- 
gular wave (the peak voltage during the electroforming) 

30 is selected in accordance with the state of the electron 
emitting element of a surface conductive type. A voltage 
is applied for several seconds to several tens of minutes 
in an atmosphere in which is maintained an adequate 
vacuum, e.g., approximately l0 6 Torr. The wave applied 

3S to the element electrodes is not limited to a triangular 
wave, and a desired wave, such as a rectangular wave, 
may be employed. 

[0065] In Fig. 10B, Tl and T2 are defined the samo 
as in Fig. 10A. A voltage is applied in an atmosphere in 
40 which an adequate vacuum is maintained, while the 
pitch (peak voltage during the electroforming) of a trian- 
gular wave is gradually increased by, for example, 0. 1 V. 
[0066] During the electroforming process : at pulse in- 
terval T2 an element current is measured using a volt- 
es age at which the thin conductive film 4 will not be locally 
destroyed or deformed, i.e., a voltage of 0.1 V. and the 
resistance is obtained. When the rosistanco is equal to 
or higher than, lor example, 1 Mil, the electroforming is 
terminated. 

so [0067] After the electroforming has been completed, 
a so-called activation process is performed lor the re- 
sultant element. During this process, element current If 
and emission current !e are changed drastically. 
[0068] During the activation process, the application 

£5 of a pulse is repeated in an atmosphere containing an 
organic gas. This atmosphere can bo provided by intro- 
ducing an adequate amount of organic gas into a vacu- 
um container from which a sufficient volume of air has 
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been evacuated. Such an organic material Is an aliphat- 
ic hydrocarbon, such as alkane, alkene or alkyne; an 
aromatic hydrocarbon; alcohol; aldehyde; ketone; 
amine; phenol; or an organic acid, such as carboxyfic 
acid or sulfonic acid. Through the activation process, 
due to the organic material that is contained in the at- 
mosphere, a filling consisting ol carbon or a carbon com- 
pound is deposited inside the crack that was previously 
formed by carbon or a carbon compound during the 
electroforming. 

[0069] It is preferable that the electron emitting ele- 
ment obtained during the activation process be stabi- 
lized. For the stabilization process, the organic material 
is removed from the vacuum container. It is preferable 
that the vacuum pump used for the removal o! air from 
the vacuum container be one for which oil is not used 
for lubrication, so that the characteristic of the element 
will not be affected by oil contributed by the device. A 
specific vacuum pump can be a sorption pump or an ion 
pump. In addition, it is preferable that the vacuum con- 
tainer be heated so that organic material molecules that 
are attached to the internal wall of the container and the 
electron emitting element can be easily discharged. 
Preferably, the conditions under which air is discharged 
from the vacuum container include the heating of the 
container to a temperature of 15010 300*0 and the dis- 
charging of the air over a period of several hours or long- 
er. However, the conditions are not thereby limited, and 
adequate conditions can be selected in accordance with 
the size and shape of the vacuum container and the ar- 
rangement of the electron emitting element. The pres- 
sure in the vacuum container must be reduced as much 
as possible, preferably, to a pressure of 1 to 3 X 10" 7 
Torr or lower. An even more preferable pressure would 
be 1 x 10^ Torr or lower. 

[0070] A method tor manufacturing an image forming 
apparatus according to the present invention will now 
be described. 

[0071] The electron source substrate used for the im- 
age forming apparatus is prepared by arranging on it a 
plurality of-electron emitting elements of a surface con- 
ductive type. 

[0072] The types of arrangements used for the elec- 
tron emitting elements of a surface conductive type are 
a rudder-shaped arrangement wherein electron emitting 
elements of a surface conductive type are positioned in 
parallel, with both ends of each element being connect- 
ed to a wiring (a layout hereinafter referred to as an elec- 
tron source substrate having a rudder-shaped arrange- 
ment), and a simple matrix arrangement wherein an X 
directional wiring and a Y directional wiring are connect- 
ed to one of a pair of element electrodes for each of the 
electron emitting elements of a surface conductive type 
(a layout hereinafter referred to as an electron source 
substrate having a matrix-shaped arrangement). The 
image forming apparatus, to include the electron source 
substrate having the rudder-shaped arrangement, re- 
quires a control electrode (grid electrode) for controlling 



the emission of electrons by the electron emitting ele- 
ment. Fig. 3 is a plan view of an example electron source 
substrate having the matrix-shaped arrangement that 
employs the electron emitting elements of a surface 
s conductive type. In Fig. 8 the same numerals as are 
used in Fig. 1 are also employed to denote correspond- 
ing components, and an electron source substrate 81 . 
X directional wirings 82, Y directional wirings 83 and 
electron emitting elements of a surface conductive type 

io 34 are additionally provided. 

[0073] The structure of an electron source obtained 
by the fabrication method of the present invention will 
now be described while referring to Fig. 11 . In Fig. 11, 
the same reference numerals as used in Fig. 8 are also 

is employed to denote corresponding components, and 
connection wirings 85 are provided. 
[0074] In Fig. 11, the electron source substrate 81 is 
the previously mentioned glass substrate, and an ade- 
quate shape is established in accordance with the ap- 

20 plication. The X directional wirings 82 are m wirings, 

Dx1 , Dx2 and Dxm. and the Y directional wirings 83 

are n wirings, Dyl, Dy2, ... and Dyn. 

[0075] The wirings can be made of a conductive metal 

that is formed by the vacuum deposition method, the 

£S printing method., or the sputtering method. The material 
of the wiring, the thickness of the film, and the width of 
the distance between the wirings are adequately set, so 
that a substantially equal voltage is applied to multiple 
electron emitting elements of a surface conductive type. 

so The m X directional wirings 82 and the n Y directional 
wirings 83 (m and n are positive integers), are electri- 
cally separated by an insulating interlayer (not shown) 
to constitute a matrix-shaped wiring arrangement 
[0076] The insulating interlayer (not shown) is formed 

35 of SK3 2 by vacuum deposition, printing, or sputtering. 
The thickness and the material of the insulating interlay- 
er and its formation method are so determined that, for 
example, the layer is formed in a desired shape on all 
or one part ol the substrate 81 on which the X directional 

<o wirings 82 are arranged, and that the layer can be ca- 
pable of resisting a potential difference at each of the 
intersections of the X directional wirings 82 and the Y 
directional wirings 63. The X directional wirings 82 and 
the Y directional wirings 83 are led out as external ter- 

45 minals. 

[0077] The electron emitting elements of a surface 
conductive type are electrically connected by the m X 
directional wirings 62, the n Y directional wirings 83, and 
the connection wirings 85. 

50 [0078] The elements of which the material for the wir- 
ings 82 and 83 is composed, the material for the con- 
nection wirings 85. and the material used for a pair of 
element electrodes may be all or partially the same, or 
all of them may be different. These materials are select- 

55 ed as needed from among the above described materi- 
als used for the element electrodes. When the same ma- 
terial is employed to form the element electrodes and 
the wirings, a wiring connected to an the element elec- 
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trode can also be regarded as an element electrode. 
[0079] The electron emitting elements of a surface 
conductive type may be formed on either the substrate 
or the Insulating interlayer. 

[0080] As will be described later in detail, the X direc- 
tional wirings 62 are electrically connected to scan sig- 
nal transmission means (not shown) that in accordance 
with an input signal scan the X directional rows of the 
electron emitting elements of a surface conductive type, 
[0081] The Y directional wirings 83 are electrically 
connected to modulation signal generation means (not 
shown) that in accordance with an input signal transmits 
a modulation signal for modulating the Y directional col- 
umns of the electron emitting elements of a surface con- 
ductive type. 

[0082] A drive voltage to be applied to the individual 
electron emitting devices of a surface conductive type 
is supplied as a differential voltage between a scan sig- 
nal and a modulation signal that are transmitted to the 
elements. 

[0083] With this arrangement, the individual elements 
can be selected and independently driven merely by the 
simple matrix-shaped connection. 
[0084] The image forming apparatus employing the 
thus formed electron source with the simple matrix- 
shaped arrangement will now be described while refer- 
ring to Figs. 12, 13A and 1 3B, and 14. Fig. 12 is a dia- 
gram illustrating the basic arrangement of the display 
panel of the image forming apparatus; Figs. 13A and 
1 3B are specific diagrams showing a fluophor film used 
for the image forming apparatus in Fig. 12; and Fig. 14 
is a block diagram illustrating the image forming appa- 
ratus that includes a drive circuit for providing a display 
in accordance with an NTSC signal. In Fig. 1 2, a plurality 
of electron emitting elements of a surface conductive 
type are mounted on an electron source substrate 81. 
A rear plate 1 21 is fixed to the electron source substrate 
81. A face plate 126 is prepared by forming a fluophor 
film 124 and a metal back 125 inside a glass substrate 
1 23. Frit glass is applied to the rear plate 121 , a support 
frame 122 and the face plate 126. and is closely at- 
tached Ihereto by annealing the resultant structure, for 
ten minutes or longer, at a temperature of 400 to 500°C 
in the atmosphere or in nitrogen. As a result, an exter- 
nally enclosed container 128 is provided. 
[0085] In Fig. 1 2, a portion 5 corresponds to an elec- 
tron omitting portion. Connected to pairs of element 
electrodes of the electron emitting elements of a surface 
conductive type are X directional wirings 82 and Y di- 
rectional wirings 83. The container 1 28 is constituted by 
the face plate 126, the support frame 1 22, and the rear 
plate 121 . which 1 21 is provided mainly to reinforce the 
electron source substrate 81 . So long as the electron 
source substrate 81 is strong enough, the rear plate 1 21 
need not be provided. Therefore, support frame 122 
may be directly attached to the electron source sub- 
strate 81 . and the container 1 28 may be constituted by 
the face plate 126, the support frame 122 and the elec- 



tron source substrate 81 . Anothercontainer 1 28 that can 
satisfactorily resist the air pressure may be constituted 
by providing an anti-air pressure support member, 
called a spacer, between the face plate 1 26 and the rear 
s plate 121 . When the fluophor film 124 (Fig. 1 2) is a mon- 
ochrome film, it can be constituted only by a fluophor 
132 in Figs. 13A and 13B. When the fluophor film 124 
is a color film, it is constituted by black conductive mem- 
bers 131 and fluophors 132, which that is called a black 
»0 stripe or a black matrix in accordance with the fluopher 
array. The black stripe or the black matrix is prepared 
so that, for a color display, the portions among the fluo- 
phors 1 32 for the three primary colors that are required 
are provided with black so as to prevent a color mixture 
is from being noticeable, and so that a reduction in con- 
trast due to the reflection of external light on the fluophor 
film 124 is limited. The black stripe is composed of a 
material that not only contains graphite, which is com- 
monly employed, as its primary element, but also anoth- 

20 er material through which little light i6 transmitted and 
by which little is reflected The method used for coating 
the glass substrate with the fluophor can be the precip- 
itation method or the printing method, regardless of 
whether a monochrome fluophor film or a color fluophor 

25 film is used. 

[0086] Generally the metal back 125 is provided on 
the internal face of the fluophor film 124 (Fig. 12). The 
purposes for which the metal back 125 is provided are 
an improvement in luminance by the reflection at the 

30 face plate 1 26 ol the light that is emitted by the fluophor 
and is transmitted to the internal face; the application as 
an electrode for an electron beam acceleration voltage; 
and the protection of the fluophor from damage by the 
impact of a negative ion that is generated in the exter- 

35 naily enclosed container. To fabricate the metal back 
125, the fluophor film 124 is formed, then a smoothing 
process (generally called "filming") is performed for the 
internal surface of the fluophor film 1 24 and Al is depos- 
ited thereon using vacuum deposition. 

<0 [0087] For the face plate 1 26, a transparent electrode 
(not shown) may be formed on the external face of the 
fluophor film 124 in order to improve the conductivity of 
the fluophor film 124. When color fluophors are em- 
ployed; these fluophors and the electron emitting ele- 

4* ments of a surface conductive type must be precisely 
aligned and positioned in order to attach the compo- 
nents 121, 122 and 126 closely together. 
[0088] Air is removed from the container 1 28 through 
an air discharge pipe (not shown), so that the container 

so is sealed by a vacuum at a pressure of 1 0* 7 Ton. 

[0089] A getter process may be performed to maintain 
the vacuum in the sealed container 123. For this proc- 
ess, immediately before or after the container 128 is 
sealed, the getter located at a predetermined position 

65 (not shown) in the container 128 is heated using a re- 
sistance heating method or a high-frequency heating 
method, and a film is applied. The getter primarily con- 
tains Ba.. and a vacuum at a pressure of : for example, 
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1 X 10* to 1 x 10" 7 Ton is maintained by the vacuum 
deposition of the film. Whether to perform this process 
is determined as needed., after the electrolorming of the 
electron emitting element of a surface conductive type 
is completed. 

[0090] While referring to a schematic block diagram 
in Fig. 14 : an explanation will be given for an arrange- 
ment wherein a drive circuit for providing a television 
display, in accordance with an NTSC signal, is em- 
ployed for an image forming apparatus that includes an 
electron source having a substrate with a simple matrix- 
shaped arrangement. In Fig. 14, the drive circuit com- 
prises an image display panel Ul ; a scan circuit 142 
a control circuit 143; a shift register 144; a line memcr^ 
145; a synchronization signal separation circuit 146 a 
modulation signal generator 147: and direct-current 
power sources Vx and Va. 

[0091] The functions of the individual sections will 
now be described. First, the display panel 141 is con- 
nected to an externa! electric circuit, via terminals Doxl 
to Doxm and Doyl to Doyn, and toa high voltage terminal 



Hv 

[0092] A scan signal is transmitted to the terminals 
Doxl to Doxm to sequentially drive, row by row (n ele- 
ments), the electron emitting elements of a surface con- 
ductive type that are connected to form a matrix of m 
rows and n columns, 

[0093] A modulation signaJ is transmitted to the termi- 
nals Doyl to Doyn to control an electron beam that is 
emitted by each of the electron emitting elements of a 
surface conductive type in a row that is selected by the 
scan signal. A direct current of. for example, 10 KV is 
supplied to the high voltage terminal Hv by a direct-cur- 
rent power source Va This voltage is an acceleration 
voltage to provide, for an electron beam that is emitted 
by the electron emitting element of a surface conductive 
type, sufficient energy to excite the Muophor. 
[0094] The scan circuit 1 42 will now be explained. The 
scan circuit 142 includes m switching elements (S1 to 
Sm, specifically shown in Fig. 14). The switching ele- 
ments S1 to Sm are used to select either a voltage out- 
put by the direct-current power source Vx or O V (ground 
level), and to transmit the selected voltage to the termi- 
nals Doxl to Doxm of the display panel 141 . The switch- 
ing elements S1 to Sm are operated in accordance with 
a control signal Tscan that is output by the control circuit 
1 43, and can actually bo constituted by combining such 
switching elements as FETs. 

[0095] Based on the characteristic (electron emitting 
threshold value) of the electron emitting elements of a 
surface conductive type, the direct-current power 
source Vx is so set that it outputs a constant voltage 
such that a drive voltage that is to be applied to an elec- 
tron emitting element that is not driven is equal to or low- 
er than the electron emitting threshold value. 
[0096] The control circuit 1 43 adjusts the operations 
of the individual sections so as to provide an adequate 
display in accordance with an externally received image 



signaJ. Control signals Tscan. Tsft and Tmry are gener- 
ated in accordance with a sync signal Tsync that is re- 
ceived from the synchronization signal separation circuit 
146, which will be described below. 
5 [0097] The synchronization signal separation circuit 
146 divides an externally received NTSC signal into a 
sync signal element and a luminance signal element A 
frequency separation (filter) circuit can be employed to 
constitute the synchronization signal separation circuit 
« 146. As is well known, the sync signal obtained by the 
synchronization signal separation circuit 146 includes a 
vertical sync signal and a horizontal sync signal. In this 
embodiment, a sync signal Tsync is shown for conven- 
ience sake. The image luminance signal obtained from 
'5 me NTSC signal, which is represented as a signal DATA 
for convenience sake, is transmitted to the shift register 
144. 

[0098] The shift register 144 performs, for each line 
of an image, a serial/parallel conversion of the signaJ 
20 DATA that is serially received in a time series. Operation 
of the shift register 144 is initiated upon the receipt of 
the control signal Tsft from the control circuit 143. That 
is, the control signal Tsft can be regarded as a shift lock 
for the shift register 144. The data for one line of the 
«5 image, which are obtained by the serial/parallel conver- 
sion and which correspond to data for driving Nn elec- 
tron emitting elements of a surface conductive type, are 
output by the shift register 144 as n parallel signals, IdJ 
to Idn. 

30 [0099] The line memory 145 is a storage device for 
storing, tor a required period of time, data for one line 
of the image. The contents of the signals Idl to Idn are 
stored in the line memory 145 in accordance with the 
control signal Tmry that is transmitted by the control cir- 

35 curt 143. The stored contents are output to the modula- 
tion signal generator 147 as image data Idl to Idn. 
[0100] The modulation signal generator 1 47 is a sig- 
nal generator for, upon receiving the image data Idl to 
Idn, adequately driving or modulating the electron emit- 

40 ting elements of a surface conductive type. The modu- 
lation signal generator 147 outputs a signal to the elec- 
tron emitting elements in the display panel 141 via the 
terminals Doyl to Doyn. 

[0101] As was described above, the electron emitting 
45 element of the present invention has the following char- 
acteristic relative to emitting current le. As previously 
described, since a specific threshold value Vth is pro- 
vided for the emission of electrons, electrons are dis- 
charged only upon the application of a voltage equal to 
50 or higher than the threshold value Vth. Further, the dis- 
charged current is varied in accordance with a change 
in the voltage that is applied to the element and that is 
equal to or higher than the electron emitting threshold 
value. The electron emitting threshold value Vth, and the 
55 degree of change in the discharged current, relative to 
the applied voltage, may be varied by employing a dif- 
ferent material and arrangement for the electron emit- 
ting elements and a different fabrication method. In all 
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the cases, the following statements can be established 
as being true. 

[0102] When a voltage having a pulse shape is ap- 
plied to the electron emitting element of the present in- 
vention, electrons are not emitted upon the application s 
of a voltage having a lower value than an electron emit- 
ting threshold value, while an electron beam is output 
upon the application of a voltage equal to or higher than 
the threshold value. At this lime, first, the intensity of the 
electron beam can be controlled by changing the pitch io 
Vm of the pulse. 

[0103] Second, the total amount of electric charges of 
the emitted electron beam can be controlled by chang- 
ing the pulse width Pw. Therefore, the voltage modula- 
tion method and the pulse width modulation method can is 
be employed to modulate the electron emitting elements 
in accordance with an input signal. To implement this 
voltage modulation method, a modulation signal gener- 
ator 147 is employed for generating a voltage pulse hav- 
ing a constant length, and for changing the pitch of a 20 
pulse as needed in accordance with the input data. 
[0104] To implement the pulse width modulation 
method, the modulation signal generator 147 is em- 
ployed for generating a voltage pulse having a constant 
pitch and for changing the width of the voltage pulse as & 
needed in accordance with the input data. 
[0105] Through the above described processing, the 
image display apparatus of the present invention can 
provide a television display using the display panel 1 41 . 
Although not specifically described, both the shift regis- 30 
ter 144 and the line memory 145 can be either a digital 
signal type or an analog signal type, so long as the se- 
rial/parallel conversion for the image signal and the stor- 
age of the image signals can be performed at a prede- 
termined speed. 3S 
[0106] When a shift register 144 and a line memory 
1 45 of a digital signal type are employed, the signal DA- 
TA output by the synchronization signal separation cir- 
cuit 1 46 must be digitized. In this case, an A'D converter 
need merely be provided at the output portion of the cir- 40 
cuit 146. Therefore, in accordance with whether the sig- 
nal from the line memory 1 45 is digital or analog, a slight- 
ly different circuit is used tor the modulation signal gen- 
erator 147. 

[0107] An explanation will be given first for a case 46 
wherein a digital signal is output by the line memory 145. 
When the voltage modulation method is employed, 
merely a well known A/D converter, for example, need 
be employed for the modulation signal generator 147; 
as needed, an amplification circuit may be additionally so 
provided. When the pulse width modulation method is 
employed, the modulation signal generator 147 can be 
constituted by a circuit that is comprises a high-speed 
oscillator, a counter for counting the number of waves 
output by the oscillator, and a comparator for comparing ss 
the count value held by the counter with a value output 
from the memory. As needed, an amplifier may be ad- 
ditionally provided for amplifying, up to a drive voltage 



adequate for the electron emitting elements : the voltage 
of a modulation signal having a changed pulse that is 
output by the comparator. 

[0108] Next, an explanation will be given for a case 
wherein an analog signal is output by the line memory 
145. Only an amplification circuit that includes a well 
known operational amplifier need be employed for the 
modulation signal generator 147 of the voltage modula- 
tion type. As needed, a level shift circuit may be addi- 
tionally provided. For the pulse width modulation type, 
only a well known voltage control oscillation circuit 
(VCO) need be employed. As needed, an amplifier may 
be additionally provided for amplifying the voltage of a 
modulation signal until it equals the drive voltage for the 
electron emitting element of a surface conductive type. 
[0109] In the thus arranged image display apparatus 
of the present invention, the individual electron emitting 
elements of a surface conductive type emit electrons up- 
on the application of a voltage via the terminals Doxl to 
Doxm and Doyl to Doyn. A high voltage is applied, via 
the high voltage terminal Hv, to the metal back 125 or 
to transparent electrodes (not shown). The electron 
beam is accelerated to irradiate the fluophor film 1 24, 
which when thus excited emits light. As a result, an im- 
age can be displayed. 

[0110] The above described arrangement Is required 
for the fabrication of a preferred image forming appara- 
tus to be used for displaying an image. The detailed por- 
tions, such as the materials used for the individual mem- 
bers; are not limited to those described above, and can 
be selected as needed in accordance with the intended 
application of the image forming apparatus. The NTSC 
signal is employed as an example input signal, but the 
signal that can be used is not thereby limited, and can 
be a PAL signal, an SEC AM signal or another type. Fur- 
thermore, a TV signal (e.g., high quality TV, such as the 
MUSE) consisting of multiple scan lines may be em- 
ployed. 

[0111] While referring to Figs. 15 and 16, an explana- 
tion will be given for the electron source having a rudder- 
shaped arrangement and the image forming apparatus 
that employs such an electron source. 
[0112] Fig. 15 is a specific diagram illustrating an ex- 
ample electron source having a rudder-shaped arrange- 
ment. In Fig. 15, the electron source includes an elec- 
tron source substrate 151 , electron emitting elements of 
a surface conduct ivo type 152, and common wirings Dxl 
to DxlO 153, which are connected to the electron emit- 
ting elements 152. The electron emitting elements 152 
are arranged in parallel, in direction X. along a plurality 
of rows (hereinafter called element rows) on the sub- 
strate 1 51 . A plurality of element rows are so arranged 
as to form an electron source substrate having the rud- 
der-shaped arrangement. 

[011 3] The element rows can be independently driven 
by the application of a drive voltage between the com- 
mon wirings of the rows. That is : a voltage that is equal 
to or higher than the voltage emitting threshold value 
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must be applied to each of the element rows by which 
an electron beam is to be emitted while a voltage lower 
than the threshold value must be applied to each of the 
element rows for which the emission of an electron 
beam is inh toiled. Of the common wirings Dx2 to Dx9 
located between the element rows, the wirings lying ad- 
jacent to each other such as 0x2 and Dx3 or Dx4 and 
Dx5. may be connected together to form a single wiring 
to be used in common. 

[0114] Fig. 16 is a diagram showing the structure of 
an image forming apparatus that includes an electron 
source having the rudder-shaped arrangement The im- 
age forming apparatus includes grid electrodes 161; 
through holes 1 62, through which electrons pass: exter- 
nal terminals 163, i.e. : Doxl, Dox2, ... and Doxm; ex- 
ternal terminals 1 64, i.e., G1, G2, . . .and Gn, which are 
connected to the grid electrodes 161; and an electron 
source substrate 165, which provides the same com- 
mon wirings located between the individual element 
rows. In Fig. 16. the same reference numerals as are 
used in Figs 12 to 13B are used to denote correspond- 
ing components. This apparatus differs from the image 
forming apparatus having the simple matrix-shaped ar- 
rangement (Fig. 12) in that the grid electrodes 151 are 
provided between an electron source substrate 81 and 
a face plate 126. 

[0115] Each ol the grid electrodes 161 changes an 
electron beam that is emitted by the electron emitting 
element. Since an electron beam is passed through the 
striped electrodes 161 thai are located perpendicular to 
the rudder-like element rows, one circular opening 1 62 
is formed for each electron emitting element. The shape 
of the grid electrodes and their locations are not limited 
to those shown in Fig. 1 6. For example, multiple through 
holes can be formed thai resemble a mesh. 
[0116] The external terminals 163 and 184 are elec- 
trically connected to a control circuit (not shown). 
[0117] In the image forming apparatus in this embod- 
iment, a modulation signal for one lime of an image is 
transmitted to rows of grid electrodes in synchronization 
with the one by one driving (scanning) of the element 
rows. As a result, the irradiation by the electron beams 
of the fluophors can be controlled, and an image can be 
displayed for each line. 

[0118] The image forming apparatus provided by the 
manufacturing method of the present invention can be 
used as a display device for television programs, a dis- 
play device for a television conference system or for a 
computer, and an optica! printer that includes a photo- 
sensitive drum. 

[0119] The features of the first embodiment are most 
exactly shown in Figs. 1 and 2, i.e., a liquid droplet pro- 
viding device that correctly positions itself when depos- 
iting liquid droplets. Fig. 3 is an enlarged, schematic di- 
agram showing the ejection head unit 6 in Figs. 1 and 
2. An explanation will now be given for the arrangement 
ot these devices and the method used for the fabrication 
of an electron source substrate that employs these de- 



vices. 

[0120] In Fig. 1 , the stage 1 5 includes an XY direction 
scanning mechanism (not shown) for moving the elec- 
tron source substrate 81 in the directions X and Y. The 
5 electron source substrate 81 is mounted on the stage 
1 5. The electron emitting elements of a surface conduc- 
tive type on the electron source substrate 81 have the 
same arrangement as those in Fig. 8 (the X and the Y 
directional wirings are not shown). Each of the electron 
io emitting elements, as well as the one shown in Figs. 9A 
and 9B, comprises the substrate 1 : the element elec- 
trodes 2 and 3, and the thin conductive film 4. The CCD 
camera unit 7 is located at a position, above the electron 
source substrate 81 , from which it can view the upper 
« surface of the substrate 81 . the ejection head unit 6 is 
provided for the application of liquid droplets. 
[0121] In this embodiment, the ejection head unit 6 is 
fixed to a liquid droplet provision device. The electron 
source substrate 81 is moved to an arbitrary position by 
20 the stage 1 5 ; which includes the XY direction scanning 
mechanism, so that the ejection head unit 6 and the 
electron source substrate 81 are moved relative to it. 
The relationship between the position of the ejection 
head unit 6 (the ink jet head 8) and the position of the 
as substrate 81 at which a liquid droplet 9 is ejected is 
measured before the liquid droplet 9 is applied between 
the element electrodes. An image obtained by the CCD 
camera unit 7 is transmitted to the image processing de- 
vice 1 4, and is processed there. As a result, the optimal 
&> position at the center of gravity for depositing the liquid 
droplet 9 can be detected for individual electron emitting 
elements. While there are various methods that can be 
used for detecting the optimal position, in this embodi- 
ment one image is obtained at electrode 2 and one at 
35 electrode 3 of an electron emitting element, and the con- 
trasting images are digitized. Then, the position at the 
center of gravity for a specific digital contrast portion is 
calculated. At this time, the expansion and reduction 
process and the embedding process for a digital image 
*o may be additionally performed in order to increase the 
accuracy-of the digital images. In this embodiment, a 
general-purpose image processing device CS-902, pro- 
duced by Fast Corp., that can perform the above de- 
scribed processing is employed as the image process- 
is ingdevice14. However, another device that can perform 
the desired image processing can be employed. 
[0122] The thus obtained imago information (Ihe po- 
sition at the center of gravity) and the positional infor- 
mation that is obtained by the position detecting mech- 
w anism 16 : which detects the position of the stage 15 that 
includes the XY direction scanning mechanism, are em- 
ployed to acquire information concerning the positioning 
at the center of gravity of the individual electron emitting 
element on the electron source substrate 81 on the 
« stage 15. The information concerning the positioning at 
the center of gravity is transmitted to the computer 19. 
[01 23] The structure of the ejection head unit 6 will be 
described while referring to Fig. 3. The ink jet head 8 for 
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depositing a liquid droplet 9 on the electron source sub- 
strate 81 is connected to the image forming apparatus 
via the head alignment mechanism 12. The ink jet head 

8 can be moved and repositioned by the position cor- 
rection mechanism 1 7. The head alignment mechanism s 
1 2 is constituted by a piezoelectric element that is driven 

in directions X and Y, and can be precisely displaced in 
either or both directions. 

[0124] The ink jet head 8 is driven by the ink jet head 
control and drive mechanism 18 to eject, ai an arbitrary 10 
timing, a liquid droplet 9 from the ink jet head 9. The ink 
jet head control and drive mechanism 18 is controlled 
by the computer 19. An ink jet head of a plezo-jet type 
is employed in this embodiment. 

[0125] An explanation will now be given, while refer- is 
ring to Figs. 4A to 4D and Figs. 5A to 5C. Figs. 4A to 40 
are plan views of wirings formed as designed and of wir- 
ings whose locations have been shifted and do not cor- 
respond to design values. Figs. 5A to 5C are respective- 
ly a diagram tor an image to be processed, a correction 20 
matrix table and a schematic diagram showing the elec- 
tron source substrate 81 . 

[0126] In Fig. 4 A are shown the element electrodes 
and wirings formed as designed, and in Fig. 4C are 
shown the element electrodes and the wirings whose 2s 
locations have been shifted and do not correspond to 
design values but are close to being correctly arranged. 
[0127] In Fig. 5A, a position 27 indicates the center of 
gravity of a liquid droplet provision pattern obtained by 
the image processing. A correction matrix table 28 is 30 
prepared after the computer 1 9 compares a design tar- 
get coating position (design value) with an actual target 
coating position (measurement value), which is calcu- 
lated by using the positional information that is obtained 
for the stage 1 5 by the position detecting mechanism 1 6 35 
and the image information (the center of gravity) that is 
obtained by the CCD camera unit 7. The liquid droplet 

9 is applied after its position has been corrected. In Figs. 
4A to 5C, the insulating layer 41 is provided. 

[0128] While referring to Figs. 1 to 5C and Figs. 9 A 40 
and 9B, an explanation will now be given for the method 
used for fabricating the electron source substrate that 
employs this liquid droplet provision device. 
[0129] A soda lime glass was employed as the insu- 
lating substrate 1. This substrate 1 was washed thor- 45 
oughly using an organic solvent and was dried at 1 20°C. 
A plurality of oloment electrode pairs of Pt were formed 
on the substrate 1 at an electrode interval of 20 u.m using 
vacuum film deposition or photolithography. Then, the 
X and Y wirings 82 and 83 and the insulating layer 41 so 
were formed using screen printing in order to apply a 
voltage to the element electrode pairs. The wirings were 
arranged as a matrix. 

[01 30] If the individual electron emitting elements can 
be fabricated as designed (Fig. 4A), the electron emit- ss 
ting portions are supposed to be located at predeter- 
mined intervals relative to a reference position on the 
electron source substrate. When the stage 15, which in- 



cludes the XY direction scanning mechanism, tor mov- 
ing the substrate is displaced at a constant speed, and 
when the ink jet head control and drive mechanism 18 
synchronously ejects liquid droplets at constant inter- 
vals, these droplets can be easily applied to the electron 
source substrate 81 (Fig. 4B). However, in actuality, the 
widths and the positions of the wirings and the insulating 
layer that were fabricated in and between the substrate 
using screen printing were varied (Fig. 4C). When a liq- 
uid droplet 9 was applied as designed using the above 
described method but without the positioning being cor- 
rected as in the present invention, the liquid droplet 9 
contacted the insulating layer and the wirings and was 
absorbed thereby, so that the electron source could not 
be formed. Further, the resultant structure was rendered 
defective and did not fully serve as an electron source 
substrate (Fig. 40). 

[0131] According to the present invention, the above 
shortcomings are resolved by the following processing. 
The processing will be described while referring to Figs. 
5A to 5C. Fig. 20 is a flowchart for this processing. 

1 . As well as in Fig. 4C, the CCD camera unit 7 ob- 
tained images at the individual elements of the elec- 
tron source substrate that were fabricated with their 
locations shifted away from the design values. The 
image processing device extracted, from the ob- 
tained images, images at the element electrodes 
that were exposed on the substrate. In this embod- 
iment, the obtained images were digitized to extract 
such images (Fig. 5A). 

2. The computer 19 calculated the target coating 
position (measurement value) by using the center 
of gravity 27 of the liquid droplet provision pattern 
27 that was obtained by means of the image 
processing, and the positional information that was 
obtained for the stage 15 by the position detecting 
mechanism 16. Subsequently: the computer 19 
compared the measurement value with the design 
value and prepared the correction matrix table 28 
(Fig. 5B). 

3. The stage 1 5, in which the XY direction scanning 
mechanism is mounted, and the ink jet control and 
drive mechanism 16 were synchronously driven to 
deposit a liquid droplet 9. The value obtained from 
the correction matrix table 28 in Fig. 5B was trans- 
mitted to the position correction mechanism 1 7, and 
the head alignment mechanism 1 2 was driven in ac- 
cordance with the value. Then, the position at which 
the liquid droplet 9 was to be applied could be ad- 
justed, and the thin conductive film 4 could be 
formed at the optimal position for each electron 
emitting element 

[01 32] Four liquid droplets 9 were applied lo form the 
thin conductive film. The liquid droplet solution was an 
aqueous solution that contained a 0.2% palladium ace- 
tate-ethanolamine complex. 15% isopropyl alcohol, 1% 
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ethylene glycol, and 0.05 polyvinyl alcohoL The sub- 
strate coated with the liquid was heated at 350° C for 10 
minutes. A particulate film 100 A thick, which consisted 
of palladium oxide (PBO), was formed as the thin con- 
ductive film 4. 

[0133] Furthermore, a voltage was applied between 
the element electrodes 2 and 3. and electroformtng was 
performed for the thin conductive film 4 to form the elec- 
tron emitting portion 5 in the thin conductive film 4. Se- 
quentially, the activation process and the stabilization 
process were performed tor the resultant structure to ob- 
tain the electron source substrate. 
[0134] The external frame container 128 was consti- 
tuted by the thus obtained electron source substrate, the 
face plate 126, the support 122 and the rear plate 121 , 
as is shown in Fig. 12, and was sealed to provide the 
display panel. Further, a image forming apparatus was 
obtained that included the drive circuit shown in Fig. 14 
that provides a television display in accordance with an 
NTSC signal. 

[0135] In the electron source subslrate that was fab- 
ricated using the method in this embodiment, the thin 
conductive film was satisfactorily formed on the sub- 
strate with only a slight variance, even though there was 
manufacturing variances in the widths and the locations 
of the wirings and the insulating layer that were formed 
by screen printing. In addition, the image forming appa- 
ratus could be obtained, with an excellent yield, that had 
onfy a slight variance in the element characteristic, as 
occurs when there are no manufacturing variances in 
the widths and the locations of the wirings and the insu- 
lating layer. 

(Embodiment 2) 

[0136] While referring to Figs. 6A to 6C, an explana- 
tion will be given for a method for manufacturing an im- 
age forming apparatus that comprises the electron 
source substrate that is obtained by the fabrication 
method of the present invention. In this embodiment, the 
image forming apparatus was manufactured in the 
same manner as tn the first embodiment, except that the 
element electrodes 2 and 3 were fabricated by coating 
the substrate with liquid droplets that contain the mate- 
rial used to form the element electrodes 
[0137] In this embodiment, since photolithography is 
not employed to form the element electrodes, the elec- 
tron source substrate can be provided at a lower cost. 
However, liquid droplets that form the thin conductive 
film can not be adequately applied to the substrate be- 
cause the positions and the shapes of the element elec- 
trodes differ from those that correspond to the design 
values. Therefore, the liquid droplet provision device of 
the present invention is employed so that the thin con- 
ductive film can be formed at a desired position on any 
type of substrate. The thus obtained substrate, the face 
plate 128, the support frame 122 and the rear plate 121 
were used to constitute the external frame container 1 28 



in the same manner as in the first embodiment. The con- 
tainer 128 was sealed to obtain the display panel. Thus 
an image forming apparatus could be produced com- 
prising the display panel and the drive circuit shown in 

s Fig. 1 4 and that provided a television display in accord- 
ance with an NTSC signal. As a result, a preferable im- 
age forming apparatus, as in the first embodiment, could 
be obtained. According to the present invention, the im- 
age forming apparatus could be manufactured at a low- 

70 er cost. 

(Embodiment 3) 

[0138] The electron source substrate and the image 
'5 forming apparatus were manufactured in the same man- 
ner as in the first embodiment, except that, as is shown 
in Fig. 7A, the boundary in a specific direction was de- 
tected in the trnage processing to obtain the position of 
the center of gravity of a liquid droplet provision pattern. 

& [0139] Since the shape of an area of the electron 
source substrate where the thin conductive film is to be 
formed is generally rectangular, the side in the X or the 
Y direction that is longer than the other tends to be 
formed as designed. In this embodiment, therefore, the 

25 differential process was performed for images of the in- 
dividual elements, and the boundaries were calculated 
in the direction for which high positioning accuracy was 
requested. The positional information concerning the 
center location between the boundaries was employed 

30 to prepare a correction matrix lable 28 tor only one di- 
rection (Fig. 7B). Based on the values in the table 28, 
the thin conductive film could be formed at a desired lo- 
cation in the same manner as in the first embodiment. 
The obtained electron source substrate, the face plate 

35 126, the support frame 122 : and the rear plate 121 were 
used as in the first embodiment to constitute the external 
frame container 128. The external frame container 126 
was sealed to provide the display panel. As a result, an 
image forming apparatus was produced comprising the 

<0 display panel and the drive circuit shown in Fig. 1 4 that 
provides a television display in accordance with an NT- 
SC signal. A preferable image forming apparatus, as in 
the first embodiment could be obtained. 
[0140] According to this embodiment, since the cor- 

45 rection matrix table 26 can be prepared either for the X 
or for Y direction, the time required for the preparation 
of the correction matrix table could bo reduced, and the 
structure of the apparatus could be simplified. 



50 (Embodiment 4) 

[0141] In the image processing for detecting the po- 
sition of the center of gravity of the liquid droplet provi- 
sion pattern, images of the insulating layer and the wir- 
55 ings were extracted, and the shifting away from the de- 
sign values were calculated using the imago processing 
to facilitate the preparation of the correction matrix table 
28. Then, the electron source substrate and the image 
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forming apparatus were manufactured in the same man- 
ner as in the first embodiment. 
[0142] As described in the first embodiment, for the 
electron source substrate used in the present invention, 
the element electrodes 2 and 3 were formed on the in- s 
sulating substrate by photolithography, and the wirings 
and the insulating layer were formed by screen printing, 
which has a lower accuracy than has photolithography. 
Therefore, while the element electrodes 2 and 3 were 
formed substantially as designed, the wirings 32 and S3 io 
and the insulating layer 41 tended to be shifted in the X, 
Y and e directions because their locations were not 
aligned during the manufacturing process. 
[0143] In this embodiment, therefore, the images of 
the wirings 82 and B3 and the insulating iayer 41 on the is 
electron source substrate were fetched by the CCD 
camera unit 7 (Fig. 19A). The image processing device 
H obtained the position at the center of gravity of the 
liquid droplet provision pattern. The computer 19 calcu- 
lated the target coating position (measurement value) 20 
by using the position at the center of gravity and the po- 
sitional information that was obtained for the stage 1 5 
by the position detecting mechanism 16. 
[0144] The computer 1 9 compared the measurement 
value with the design value to prepare the correction 25 
matrix table 28 that was is used to correct the shifting in 
the X, Y and 0 directions (Fig. 19B). 
[01 45] Based on the value in the table 28, the thin con- 
ductive film could be formed at a desired position in the 
same manner as in the first embodiment. The obtained 
electron source substrate, the face plate 126, the sup- 
port frame 122 and the rear plate 121 were used in the 
same manner as in the first embodiment to constitute 
the external frame container 128. The external frame 
container 128 was sealed to provide the display panel. 35 
As a result, an image forming apparatus was produced 
comprising the display panel and the drive circuit shown 
in Fig. 14 that provided a television display in accord- 
ance with an NTSC signal. A preferable image forming 
apparatus, as in the first embodiment, could be ob- 40 
tained. 

[0146] According to this embodiment, since the imag- 
es tor ail the electron emitting elements on the substrate 
need not be fetched, the time required for the prepara- 
tion of the correction matrix table can be considerably 46 
reduced. 

[0147] As is described above, according to the meth- 
ods used by the individual embodiments to fabricalethe 
electron source substrate, an adequate correction for 
the location at which a droplet of a solution for forming so 
a thin conductive film is to be provided can be provided, 
even when the widths and locations of the wirings and 
the insulating layer are varied because of screen print- 
ing, and they are not located at predetermined intervals. 
Therefore, a liquid droplet does not contact the wirings ss 
and the insulating layer, and the thin conductive film can 
be stably formed with a satisfactory yield. As a result, 
the electron source substrate having a large area and 



the image forming apparatus can be easily manufac- 
tured at a low cost. 

(Embodiment 5) 

[0148] In a fifth embodiment, an explanation will be 
given for an example wherein positional information is 
interpolated. 

Step 1 

[0149] The substrate 81 is washed thoroughly using 
pure water and an organic solvent, and a conductive 
material is applied thereto by vacuum deposition or 
sputtering. Then, the element electrode 2 and 3 and the 
wirings 82 and 83 are formed on the substrate 81 using, 
for example, photolithography. 

Step 2 

[01 50] A droplet 9 of a solution that contains the ma- 
torial-for forming the conductive film is ejected onto a 
predetermined position by the ejection head unit 6, and 
a conductive film is formed to connect the element elec- 
trodes 2 and 3. Th is process will be described as follows. 
[0151] The CCD camera unit 7, the image processing 
device 14 and the XY scanning mechanism 15 are em- 
ployed to detect the optimal location at which a liquid 
droplet is to be provided for an electron emitting element 
at a specific position. An arbitrary number of positions 
for the electron emitting elements on the substrate may 
be detected, so long as those positions adequately 
serve as means for obtaining optimal locations for the 
other elements at which liquid droplets are to be provid- 
ed, and an arbitrary position for a specific element may 
be employed. 

[0152] According to a specific method in this embod- 
iment, nine points that consist of four points at the four 
corners of the substrate and midpoints between the tour 
points are employed to detect the optimal liquid provi- 
sion location of a specific element. The optimal liquid 
provision location of a specific element that is located 
among the nine points is calculated by interpolating the 
nine points using an appropriate curve. 
[0153] The number of electron emitting elements to 
calculate the shape of a curve for interpolation and the 
positional information required for the interpolation can 
be changed as needed depending on the substrate, so 
that the yield can be improved. In this embodiment, the 
position of a specific element at which a liquid droplet is 
to be provided is obtained by interpolating the previously 
described nine points using the linear line. 
[01 54] Then, the ejection head unit 6 is moved relative 
to the substrate in accordance with the liquid provision 
locations of the individual elements, or the timings for 
application of liquid droplets 9 are corrected, and the 
liquid droplets 9 are applied at desired locations on the 
substrate 81. 



15 



29 



EP 0 936 652 Al 



30 



[01 55] The image processing device 1 4 can be a de- 
vice for calculating the center ot gravity of an image ob- 
tained by digitizing an image within a constant range, a 
device for performing differential calculations for an im- 
age within a specific range and for extracting the outline 
of a member to calculate a predetermined position, or a 
device for matching a pattern with an ideal image to cal- 
culate a predetermined position. A device that is avail- 
able on the market can implement the above image 
processing. 

[0156] The substrate B1 is heated to 300 to 400° C to 
bum the liquid droplets 9, and the thin conductive film 4 
is formed. 

Step 3 

[0157] Electroforming is performed tor the resuttant 
substrate 81 . When a current is supplied to the element 
electrodes 2 and 3 : the electron emitting portion 5 is 
formed at the location of the conductive film 4. 
[0158] In the electroforming process, momentarily 
thermal energy is concentrated locally on one part of the 
thin conductive film 4, and an electron emitting portion 
5 having an altered structure is formed at that location. 
[0159] The electric processing after electroforming 
can be performed by a vacuum processing device 
shown in Fig. 21 , for example. The vacuum processing 
device also serves as a measurement evaluation de- 
vice. In Fig. 21, the same reference numerals as are 
used in Fig. 1 are used to denote corresponding com- 
ponents. 

[0160] The vacuum processing device in Fig. 21 com- 
prises: a vacuum container 55, in which electron emit- 
ting elements are arranged; a vacuum pump 56; a power 
source 51 . for applying an element voltage V f tothe elec- 
tron emitting elements; an ammeter 50, for measuring 
an element cunent I, that flows across the element elec- 
trodes 2 and 3; an anode electrode 54, for capturing an 
emitting current l e that is emitted by the electron emitting 
portion 5 of the element; a high voltage power source 
52, for applying a voltage to the anode electrode 54; and 
an ammeter 52, for measuring an emitted current l e that 
is emitted by the electron emitting portion 5. As an ex- 
ample, a measurement is performed while the voltage 
of the anode electrode 54 is between 1 kVto 10 kV. and 
a distance H between the anode electrode 54 and each 
electron omitting element is 2 mm to 8 mm. 
[0161] Devices, such as a vacuum gage, that are re- 
quired to obtain a measurement in a vacuum are pro- 
vided in the vacuum container 55. so that a measure- 
ment obtained in a desired vacuum atmosphere can be 
evaluated. 

[0162] The vacuum pump 56 is constituted by a com- 
mon high vacuum system, such as a turbo pump or a 
rotary pump, and a super high vacuum system, such as 
an ion pump. The overall vacuum processing device for 
which the electron emitting substrate is provided can be 
heated by a heater (not shown). 



Step 4 

[0163] It is preferable that the activation process be 
performed for the electron emitting element for which 

5 electroforming has been completed. 

[01 64] In the activation process, as well as in the elec- 
troforming process, a pulse can be repeatedly applied 
to the element electrodes 2 and 3 in an atmosphere con- 
taining an organic gas. Through this processing, the el- 

10 ement current I, and the discharge current l e are 
changed drastically. 

[0165] The atmosphere containing the organic gas 
during the activation process can be formed by using an 
organic gas that remains in the atmosphere attar air has 
'5 been evacuated from the vacuum container employing, 
for example, an oil diffusion pump or a rotary pump. This 
atmosphere can also be obtained by introducing a prop- 
er organic gas into a container from which air has been 
fully evacuated using an ion pump that does not employ 
x> oil. A preferable pressure is selected as needed for the 
organic gas, because it differs depending on the form of 
the element: the shape of the vacuum container and the 
type of organic materia!. A adequate organic material 
can be an aliphatic hydrocarbon, such as alkane, aikene 
« or alkyne; an aromatic hydrocarbon; alcohol; aldehyde; 
ketone; amine; phenol; or an organic acid : such as phe- 
nol, carboxylic acid or sulfonic acid. Specifically, a sat- 
urated hydrocarbon can be used, such as methane, 
ethane or propane, that is represented by a composition 
30 of C fiH2n+* unsaturated hydrocarbon, such as ethylene 
or propylene, that is represented by a composition of 
c n H2n; benzene; toluene; methanol; ethanol; formalde- 
hyde; acetaldehyde; acetone; methyl ethyl ketone; 
methylamine; ethylamine: phenol; formic acid; acetic 
35 acid; or propione. 

[0166] Through the activation process, from the or- 
ganic material that is present in the atmosphere, carbon 
or a carbon compound is deposited on the element and 
the element current I, and the discharge current l a are 
<o changed drastically. 

[01 67] The carbon or carbon compound is, for exam- 
ple, graphite (containing so called HOPG, PG or GC. 
HOPG has a substantially complete graphite crystal 
structure, PG has crystal particles of approximately 20 
46 nm and a slightly disturbed crystal structure, and GC has 
crystal particles of approximately 2 nm and has a more 
disturbed crystal structure), or non -crystalline carbon 
(amorphous carbon and a mixture of amorphous carbon 
and minute crystal of the above graphite). The thickness 
so of the deposited material is preferably equal to or less 
than 50 nm, and more preferably equal to or less than 
30 nm. 

[01 66] Whether or not the activation process is com- 
pleted can be determined as needed by measuring the 
ss element current l f and the discharge current l c . 

[0169] The thus obtained electron emitting element 
should be driven in an atmosphere having a higher de- 
gree of vacuum than that employed for the electroform- 
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ing process and the activation process. It is more pref- 
erable that the electron emitting element be heated to 
80 lo 150'C and be driven in an atmosphere having a 
higher degree of vacuum. The degree of vacuum that is 
higher than that in the electroforming process and the s 
activation process is higher than that obtained, tor ex- 
ample, at a pressure of 1.3 x 10 - * Pa. More preferably, 
it is a super high vacuum in which almost no carbon or 
carbon oxide is deposited on the conductive film. As a 
result, the element current l f and the discharge current ?o 
( e can be stabilized. 

[0170] While referring to Fig. 22, an explanation will 
now be given for the basic characteristic of the thus ob- 
tained electron emitting element that is employed forthe 
present invention 75 
[0171] Fig. 22 is a graph specifically showing the re- 
lationship between the discharge current ! ft and the el- 
ement current If, which are measured by the vacuum 
device in Fig. 21 , and the element voltage V f . In Fig. 22, 
since the discharge current l e is considerably lower than 20 
the element current l f , it is indicated by using an arbitrary 
unit. The linear scale is employed for the vertical and 
the horizontal axes. 

[0172] As is apparent from Fig. 22, the electron emit- 
ting element according to the present invention has the 25 
three following characteristics relative to the discharge 
current l e . 

(i) When a voltage equal to or higher than a specific 
level (hereinafter called a threshold votiage, which so 
is Va, in Fig. 22) is applied to the electron emitting 
element, the discharge current l e is increased dras- 
tically. When a voltage lower than the threshold volt- 
age Vth is applied, almost no discharge current l e is 
detected. That is, the electron emitting element of 3S 
the present invention is a non-linear element that 
has a precise threshold voltage for the discharge 
current l e . 

(ii) Since the discharge currant l e is monotonously 
increased in accordance with the element voltage 40 
V b the discharge current l e can be controlled by us- 
ing the element voltage V f 

(iii) An electric charge that is captured by the anode 
electrode 54 (see Fig. 21) depends on the time of 
the application of the element voltage V f . That is, 
the amount of charges captured by the anode elec- 
trode 54 can bo controlled using the time at which 
the element voltage V m was applied. 

[0173] As is apparent from the above description, the so 
electron emitting characteristic of the electron emitting 
element of the present invention can be easily controlled 
in accordance with an input 6ignal. By utilizing this char- 
acteristic, the present invention can be employed for 
various applications, such as an electron source or an s$ 
image forming apparatus in which a plurality of electron 
emitting elements are arranged. 
[0174] In Fig. 22, the element current I, is monoto- 



nously increased upon the application of the element 
voltage V f (Ml characteristic). However the element cur- 
rent If may indicate the voltage control negative resist- 
ance characteristic (VCNR) for the element voltage V f 
(not shown) These characteristics can be controlled by 
adjusting the procedures performed at above described 
steps. 

[01 7S] An explanation will now be given for the ar- 
rangement ol the fifth embodiment. 
[01 76] In this embodiment, the ejection head unit 6 is 
fixed to the main body of the liquid droplet provision de- 
vice. The XY direction scanning mechanism 15 moves 
the substrate 81 to an arbitrary position, so that the ejec- 
tion head unit 6 and the substrate 81 can be relatively 
displaced. 

[01 77] Images obtained by the CCD camera unit 7 are 
transmitted to the image processing device 14, which in 
turn processes the images. As a result, an optimal po- 
sition can be detected at which the liquid droplet 9 is to 
be applied to a designated electron emitting element. 
Various methods can be used to detect the optimal po- 
sition. In this embodiment, the images of the element 
electrodes 2 and 3 of a specific electron emitting ele- 
ment are fetched, and the contrasting images are digi- 
tized. The position at the center of gravity of the specific 
digital contrasting portion is calculated. At this time, the 
image expansion and reduction process or an image 
embedding process may be additionally performed for 
the digital image, in order to improve the accuracy of the 
digital image. 

[0178] An image processing device CS-902, pro- 
duced by Fast Corp. , is employed as the image process- 
ing device 14; however, another image processing that 
can implement the desired image processing may be 
employed. 

[01 79] The image information obtained by the image 
processing device 14 and the positional information that 
is obtained for the stage 15 by the position detecting 
mechanism 1 6 are employed to acquire positional infor- 
mation for a specific electron emitting element on the 
substrate 81 on the stage 1 5. This positional information 
is transmitted to the computer 19. 
[0180] While referring to Figs. 23A to 26, an explana- 
tion will be given for a method tor fabricating an electron 
source for the embodiment wherein the above de- 
scribed device is employed. 

[0181] In Figs. 23A and 23B is shown an example 
wherein the element electrodes 2 and 3 and the wirings 
82 and 83 are formed as designed. In Figs. 24A and 24B 
is shown an example (substantially, an actual case) 
wherein these components are formed after being shift- 
ed away from the design values. In these referenced ex- 
amples are shown the 6tates wherein liquid droplets are 
provided at the element electrodes 2 and 3. 
[0182] Figs. 25A and 25B are specific diagrams illus- 
trating a liquid droplet provision method employed by 
the device of the present invention. In Fig. 25A is shown 
the optimal liquid provision position of an electron emit- 
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ting element at a specific location 27 that is read by 
measuring the image. Fig. 25B is a topological diagram 
for employing the optimal position information for the el- 
ement at the location 27 to obtain the liquid provision 
positions of all the electron emitting elements on the 
substrale 81. In Fig. 26 is shown a liquid droplet that is 
provided according to this embodiment based on the 
topological diagram in Fig. 25B. 

Step a 

[0183] A soda lime glass was employed as the sub- 
strate 81 . The substrate 81 was washed thoroughly us- 
ing an organic solvent, and was dried at 120*C. A plu- 
rality of pairs of element electrodes 2 and 3 were formed 
of Pt at a gap interval of 20 urn on the substrate 81 by 
vacuum film formation and photolithography. Then, the 
X directional wirings 82, the Y directional wirings 63 and 
the insulating layers 41 were formed by screen printing 
in order to apply a voltage to the element electrodes 2 
and 3. These wirings were arranges as a matrix. 
[0184] If the element electrodes 2 and 3 can be 
formed as designed (Fig. 23A), the locations at which 
the electron emitting portions are to be formed are de- 
termined at a predetermined interval relative to a refer- 
ence location on the substrate. The XY direction scan- 
ning mechanism that moves the substrate 81 is driven 
at a constant speed, and synchronously, at a predeter- 
mined time interval, the ink jet head control and drive 
mechanism 8 ejects liquid droplets 9. Thus, the liquid 
can be easily applied to the substrate 81 (Fig. 23B). 
[0185] However, in actuality, since the substrate 81 
must be heated to over 300° C during the screen printing 
process, the substrate 81 would be thermally deformed 
and the individual portions of the substrate would tend 
to be formed in shapes that differ from those in the de- 
sign. In particular, the thermal distortion quantity are dif- 
ferent inside a substrate and between substrates. If a 
liquid droplet 9 is applied in the same manner as is spec- 
ified by the design values, it contacts the insulating layer 
4 or the wirings 82 and 83 and is absorbed so that a 
desired conductive film can not be formed. This renders 
the resultant substrate defective and it can not serve as 
an electron source substrate (Fig. 24B). The yield ob- 
tained by the above described liquid provision method 
is equal to or lower than 10%. 



their locations are shitted away the designed values. 
First, the absolute coordinates of a position at which a 
liquid droplet lor forming a conductive film is to be pro- 
vided is calculated for an electron emitting element that 
s is to be formed at a designated coordinate location on 
the substrate. While various methods are available by 
which to calculate the absolute coordinates, in this em- 
bodiment the coordinates are calculated as follows. 
[0188] First, the stage 1 5 on which the substrate 81 
io is mounted is moved, and the periphery of an element 
that is located al a designated coordinate position is 
viewed by the CCD camera unit 7. At this time, the re- 
lationship between the absolute position of the stage 1 5 
and the positions of individual pixels obtained by the 
15 CCD camera unit 7 must be obtained. 

[0189] The absolute coordinate position at which the 
liquid droplet 9 is to be applied is determined by using 
an image that is obtained by the CCD camera unit 7. 
The following methods can be employed to determine 

*> the absolute coordinates: (1 ) a method for manually pro- 
viding pixel coordinates to the CCD camera unit 7 that 
constitute a target position and tor calculating the abso- 
lute coordinates for the target position using the pixel 
coordinates and the position of the stage 15; and (2) a 

& method for digitizing an image in the vicinity of the elec- 
tron emitting element, to extract the location of the ele- 
ment electrode, by employing the center of the gap as 
the target position in the X direction and by employing 
the center of the extracted image as the target position 

30 in the Y direction, and by employing the pixel coordi- 
nates to calculate the absolute coordinates for the target 
position in the same manner as in method (1 ). 

Procedure 2 



Step b 

[0186] In this embodiment, the above shortcomings 
are resolved by performing the following procedures 1 
to 4. These steps will now be described while referring 
to Figs 25A to 26 and the flowchart in Fig. 27. 

Procedure 1 

[0187] Assume that, as is shown in Fig. 24A electron 
emitting elements are formed on the substrate while 



[0190] According to either method described in pro- 
cedure 1, positional information is calculated concern- 
ing the designated position on the substrate 81 . A sat- 
isfactory number of locations for the electron emitting 
<o elements, for which the positional information is to be 
obtained in procedures 1 and 2. must be required in or- 
der to obtain positional information for the other electron 
emitting elements by using a method which will be de- 
scribed later. As the number of electron emitting ele- 
45 ments for which the positional information is to be ob- 
tained is increased, the positional information tor the 
other elements can be easily acquired. However if there 
are too many electron emitting elements for which the 
positional information must be obtained, the processing 
so time is extended and the manufacturing cost is in- 
creased. In this embodiment, therefore, procedures 1 
and 2 are performed for four points at the four comers 
of the substrate and elements at midpoints, i.e., a total 
of nine points (Fig. 25A). 

£5 

Procedure 3 

[0191] In accordance with the positional information 
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obtained at procedures 1 and 2 ; a topological diagram 
is prepared wherein the adjacent elements are connect- 
ed together by linear lines (Fig. 25B). Then, assuming 
that the other electron emitting elements on the sub- 
strate are located at positions represented in the topo- s 
logical diagram, the positional information for all the oth- 
er electron emitting elements are obtained. 

Procedure 4 

70 

[0192] The stage 1 5 and the ink jet control and drive 
mechanism 18 are synchronously driven to provide the 
liquid droplets 9 (Fig. 26). For the liquid provision, the 
positional information for all the elements obtained at 
procedure 3 are transmitted to the position correction is 
device 17, and the head alignment mechanism 12 is 
driven in accordance with the positional information to 
correct the positions at which the liquid droplets 9 are to 
be applied. Therefore, the conductive film for forming 
the electron emitting portion can be applied at the opti- 20 
mal positions for all the elements. 
[0193] In this embodiment, the liquid droplets 9 were 
applied four times. The substrate 8 1 was then heated to 
300°C for ten minutes, and a film consisting of particu- 
lates of palladium oxide (PdO) that was 1 00 A thick was & 
formed as the thin conductive film 4. 

Stepc 

[0194] A voltage was applied to the element elec- 30 
trodes 2 and 3, and electrotorming was performed for 
the thin conductive film 4 to fabricate the electron emit- 
ting portion 5. 

[0195] As is shown in Fig. 12 } the externa] frame con- 
tainer 123 was constituted by the thus fabricated elec- 35 
Iron source substrate, the face plate 126, the support 
frame 122 and the rear plate 121. The container 128 
was sealed to form the display panel, as a result, an im- 
age terming apparatus was produced that includes the 
drive circuit shown in Fig. 14 tor providing a television 40 
display in accordance with an NTSC signal. 
[0196] The electron source that was fabricated using 
the method of the present invention demonstrated a 
preferable characteristic, and the desired conductive 
film could be uniformly formed on the substrate. In ad- 
drtion, according to the present invention, the yield that 
conventionally is lower than 1 0% was increased merely 
by adding a step of obtaining positional information for 
nine points and of linking these points as linear lines, 
which does not require a long processing time, and a so 
preferable image forming apparatus could be obtained 
that substantially has as little variance in the element 
characteristic as have those obtained when the ele- 
ments are fabricated using photolithography. 
[0197] In this embodiment, the nine points, including & 
the four comer points of the substrate, are employed as 
references to prepare the topological diagram in Fig. 
25B. It is natural that as the number of points is in- 



creased, the degree to which the substrate is actually 
deformed can be precisely obtained. The number of 
nodes to prepare the topological diagram can be freely 
changed in accordance with the state of the deformation 
of the substrate, and is not limited to the number used 
in this embodiment The fabrication device of the em- 
bodiment can cope with an arbitrary number of nodes. 

(Embodiment 6) 

[0198] While referring to Figs. 28A to 29, an explana- 
tion will be given for a method for manufacturing an im- 
age forming apparatus having an electron source ac- 
cording to a sixth embodiment. 
[0199] Figs. 28A and 28B are specific diagrams illus- 
trating a liquid provision method employed by the image 
forming apparatus. In Fig. 28 A is shown the arrange- 
ment of the element electrodes that are formed by a liq- 
uid provision device. Fig. 28B is a topological diagram 
that was prepared in order to obtain the liquid provision 
positions ol all the elements on the substrate 81 based 
on the optimal positional information for an element that 
was located at a specific positron 27. In Fig. 29 are 
shown liquid droplets that were provided in accordance 
with the topological diagram in Fig. 28B. 
[0200] The electron source in this embodiment was 
formed in the same manner as in the fifth embodiment, 
except that the element electrodes 2 and 3 were fomied 
by applying to the substrate 81 liquid droplets that con- 
tained the material for forming element electrodes. 
[0201] In this embodiment, since photolithography is 
not employed to form element electrodes, the electron 
source can be provided at a lower cost. However, since 
the positions and shapes of the element electrodes are 
shifted away from the design values, liquid droplets, 
which form the conductive film that provides the electron 
emitting portions, can not be satisfactorily applied. 
When the liquid provision device of the present invention 
is employed, however the liquid droplets can be applied 
at desired locations on any type of substrate. 
[0202] In the same manner as in the fifth embodiment, 
the external container 128 was constituted by the thus 
obtained electron source substrate, the face plate 126, 
the support frame 1 22 and the rear plate 121 . The con- 
tainer 128 was sealed to obtain the display panel. Fur- 
thermore, an image forming apparatus could be pro- 
duced that included the drive circuit in Fig. 14 for pro- 
viding a television display in accordance with an NTSC 
signal. 

[0203] As a result, a preferable image forming appa- 
ratus, as in the fifth embodiment, could be obtained at 
a low cost. 

(Embodiment 7} 

[0204] A method for manufacturing an image forming 
apparatus that includes an electron source according to 
a seventh embodiment will now be described while re- 
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ferrlng to Fig. 30. Fig. 30 is a topological diagram that, 
based on the optimal positional information for an ele- 
ment thai is located at a specific position 27 : is prepared 
to obtain liquid provision positions for all the electron 
emitting elements on the electron source substrate. s 
[0205] This embodiment is substantially the same as 
the fifth embodiment, except that the topological dia- 
gram in Fig. 30 is prepared by employing quadratic 
curves to link the positions of the four comers of the sub- 
strate and the intervals between them. io 
[0206] When the deformation of the substrate is rep- 
resented more effectively by using multiple-order 
curves, the linking of the nodes in the topological dia- 
gram is not necessary represented by linear lines. As in 
this embodiment, frequently, multiple-order curves can is 
precisely represent the actual deformation of a sub- 
strate. In this embodiment, since the linking of the nodes 
is represented by quadratic curves, the number of points 
to be obtained in the image processing tor the liquid pro- 
vision positions of specific electron emitting elements is 20 
reduced, so that the processing time is shortened. 
[0207] The method for preparing the topological dia- 
gram is discussed each time the method for fabricating 
the wirings and the other components is changed. Ac- 
cordingly, yield can be further improved and a uniform & 
element characteristic obtained. 

(Embodiment 8) 

[0208] A method for manufacturing an image forming 20 
apparatus having an electron source according to an 
eighth embodiment will now be described while referring 
to Figs. 31 to 33. In this embodiment, the method used 
for the fifth embodiment is employed, and to reduce the 
processing time a plurality of liquid droplets are simul- 3S 
taneously applied. 

[0209] Fig. 32 is a diagram illustrating the arrange- 
ment of a fabrication apparatus according to the eighth 
embodiment. An explanation will now be given for the 
arrangement of this apparatus and a method for fabri- 40 
eating an electron source substrate that employs this 
device. 

[021 0] The apparatus in Fig. 32 has substantially the 
same structure as that in the fifth embodiment. The ap- 
paratus includes a plurality of ejection head units 6 (two 46 
in Fig. 32) for simultaneously applying a plurality of liquid 
droplets 9. Each of tho ejection head units 6 includes a 
plurality of nozzles, as shown in Fig. 33. The ink jet con- 
trol and drive mechanism 18 permits the ejection of the 
liquid droplets 9 through the nozzles of the ejection head so 
unit 6. 

[0211] In this embodiment, as well as in the fifth em- 
bodiment, the liquid provision position can be corrected. 
However, since a plurality of nozzles are employed for 
one ejection head unit 6 and a plurality of head units 6 b$ 
are used simultaneously, tho liquid droplets 9 can not 
be provided at adequate positions merely by using the 
method employed in the fifth embodiment. 



[0212] Therefore, in order to resolve this shortcoming, 
the following method is employed to calculate the loca- 
tions at which the liquid droplets 9 are to be simultane- 
ously applied, and to correct the positioning. 

a) The nozzles of the ejection head unit 6 are se- 
lected so that the distance between them is the 
same pitch as is that for the arrangement of the 
electron emitting elements, or is integer times the 
distance of the element interval. These selected 
nozzles are regarded as those used for applying the 
liquid droplets 9. 

In this embodiment, the ejection head units 6 
are designed so that nozzle pitch d provides the 
same interval as does the element pitch, and so that 
four nozzles are provided for one head unit 6 (see 
Fig. 33). 

b) The liquid droplets 9 are ejected Ihrough the se- 
lected nozzles onto the portion outside the image 
area on the electron source substrate. 

c) The positions at which the liquid droplets 9 were 
applied at b) are measured. Ideally, the liquid drop- 
lets 9 are supposed to be applied coaxially at the 
same interval as the nozzle pitch (= the pitch of the 
electron emitting elements). Actually, the liquid 
droplets 9 are applied to locations that are shifted 
away from the ideal positions because of an error 
occurring during the manufacture ol the ejection 
head units 6, and differences in the ejection char- 
acteristics of the nozzles (see Fig. 31). Therefore, 
the distances to the ideal positions for the four noz- 
zles are measured and the average is calculated. 

d) The deformation of the substrate is calculated in 
the same manner as in the fifth embodiment, and a 
topological diagram required for correcting the po- 
sitions is prepared. 

e) While the positions are corrected based on the 
topological diagram prepared at d), the liquid drop- 
lets 9 are simultaneously applied through the se- 
lected nozzles in the ink jet heads to form on the 
substrate 81 a thin conductive films in which elec- 
tron emitting portions are formed. At this time, the 
average shilt away Irom the liquid provision position 
that is acquired at b) is added to the correction val- 
ue, so that the liquid droplets can be simultaneously 
and uniformly applied at the target locations on the 
substrate 81. 

[021 3] Since with the above method a plurality of liq- 
uid droplets can be simultaneously applied to the sub- 
strate, the processing time can be considerably re- 
duced. 

[0214] In this embodiment, two ejection head units, 
each ol which have four nozzles, are employed. How- 
ever, the number of units and of nozzles is not thereby 
limited. However, for fabrication of tho electron source 
substrate, it is necessary for the average shift away from 
the liquid provision location to not exceed a permissible 
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range. 

[0215] As is described above, according to the 
present invention, the conductive film can be stably 
formed, with a satisfactory yield, by providing liquid 
droplets without using photolithography. Therefore, 
compared with the conventional method, the number of 
procedures can be reduced and the manufacturing 
costs can be lowered. As a result, a large electron 
source in which are arranged multiple electron emitting 
elements can be easily provided at a low cost. 
[0216] In addition, by employing such an electron 
source, a high quality image forming apparatus, such as 
a flat color television, is provided for which there is little 
bright-spot shifting and little luminance variance. 



Claims 

1. A method tor forming a film locally on a substrate 
comprising the steps of: 

detecting the state of said substrate; 
employing the obtained result to calculate po- 
sitional information concerning a plurality of lo- 
cations at which the material for said film is to 
be provided to form said film; and 
providing said material for said Htm at said plu- 
rality of locations based on said positional in- 
formation that is obtained for said plurality of 
locations. 

2. A method according to claim 1 , wherein said film is 
a conductive film. 



A method according to claim 1 or 2, wherein said 
state of said substrate that is detected is the state 
of a portion wherein said materia] is to be provided, 
or an area in the vicinity of said portion. 

A method according to one of claims 1 to 3, wherein 
said state of said substrate that is detected con- 
cerns image information for said substrate. 

A method according to one of claims 1 to 4, wherein 
said state of said substrate that is detected con- 
cerns the arrangement of components on said sub- 
strate. 

A method according to one of claims 1 to 5, wherein 
said state of said substrate that is detected con- 
cerns the arrangement of electrodes on said sub- 
strate. 

A method according to one of claims 1 to 5, wherein 
said stale of said substrate that is detected con- 
cerns the arrangement of wirings on said substrate. 
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said state of said substrate that is detected con- 
cerns the arrangement of an insulating layer on said 
substrate. 

9. A method according to one of claims 1 to 5, wherein 
said state of said substrate that is detected con- 
cerns the arrangement of a common wiring to which 
a plurality of conductive films are electrically con- 
nected, or of a member that accompanies said com- 
mon wiring. 

10. A method according to one of claims 1 to 9. wherein 
said substrate is an insulating element 

11. A method according to one of claims 1 to 10, where- 
in the calculation of said positional information in- 
cludes a calculation of information that concerns a 
location at which said material has to be provided. 

12. A method according to one oi claims 1 to 11 , where- 
in said step of calculating said positional information 
for said locations includes a step of employing, to 
calculate positional information for each of said plu- 
rality of locations, said detected state of said sub- 
strate that concerns locations that are fewer in 
number than said plurality of locations. 

13. A method according to one of claims 1 to 12, where- 
in said calculation of said positional information in- 
cludes the calculation of a compensation value that 
is used to compensate for a control value for con- 
trolling said locations whereat said material is to be 
provided. 



35 14. A method according to claim 1 3 : wherein said com- 
pensation value is that used for compensating for a 
difference between said locations whereat said ma- 
terial has to be provided and locations whereat said 
material is to be provided when the compensation 

40 b not performed. 

15. A method according to one of claims 1 to 1 4, where- 
in said materia! is provided in liquid form, 

45 16. A method according to one of claims 1 to 15, where- 
in said material is an organic metal solution. 

17. A method according to claim 15, wherein said ma- 
terial is provided as liquid droplets. 
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18. A method according to one of claims 1 to 17, where- 
in said material is provided by an ink-jet device. 

19. A method according to one of claims 1 to 18, where- 
in said material is sequentially provided at said plu- 
rality of locations. 



8. A method according to one of claims 1 to 5, wherein 20. A method according to one of claims 1 to 1 9, where- 



21 



41 



EP 0 936 652 A1 



42 



in said material is provided at said plurality of loca- 
tions by a same provision unit. 

21 . A method according to one of claims 1 to 20. where- 
in said material is provided at said plurality of loca- 
tions by a plurality ot provision units. 
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A method according to one of claims 1 to 21 . where- 
in said material is sequentially provided at said plu- 
rality of local ions while the relative locations of pro- io 
vision unit and said substrate are changed. 

A method according to one of claims 1 to 22, where- 
in said material is sequentially provided at said plu- 
rality of locations at each of several locations for is 
said plurality of locations. 



24. A method according to one of claims 1 to 23, where- 
in said plurality of locations are preferably arranged 

in columns or in rows. 20 

25. A method according to claim 24, wherein an ar- 
rangement includes a plurality of columns or rows. 

26. A method according to one of claims 1 to 25. further ss 
comprising a step of annealing said material thai is 
provided. 

27. A method, for forming a plurality of conductive films 
that are to be electrically connected to a common so 
wiring, comprising the steps of: 

detecting the arrangement state of said com- 
mon wiring or of a member that accompanies 
said common wiring; 35 
employing the obtained result to calculate po- 
sitional information concerning a plurality of lo- 
cations at which is to be provided a material for 
said plurality of conductive films that are to be 
electrically connected to said common wiring; 
and 

providing at said locations, based on said posi- 
tional information, said material for said con- 
ductive films. 



28. A method, for manufacturing an electron source in- 
cluding a plurality of electron omitting elements, 
comprising the steps of: 

locally forming, on a substrate, conductive films 
that at least partially constitute said electron 
emitting elements, said step including 



said conductive films, and 

providing said material for said conductive 

films at said plurality of locations based on 

said positional information that is obtained; 

and 

forming an electron emitting unit in at least one 
part ol each of said conductive films. 

29. A method according to claim 28, wherein said step 
of forming said electron emitting unit includes a step 
of electrifying said conductive films. 
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A method according to claim 28 or 29. wherein said 
electron emitting elements are electron emitting el- 
ements of a surface conductive type. 

A method, for manufacturing an electron source 
having a plurality of electron emitting elements that 
are to be connected to a common wiring, compris- 
ing the steps of: 

detecting the arrangement state of said com- 
mon wiring or of a member that accompanies 
said common wiring. 

employing the obtained result to calculate po- 
sitional information concerning a plurality of lo- 
cations at which is to be provided a material for 
said plurality of conductive films that are to be 
electrically connected lo said common wiring; 
providing at said locations, based on said posi- 
tional information, said material for said con- 
ductive films: and 

forming an electron emitting unit in at least one 
part of each ot said conductive films. 



50 



detecting the state of said substrate, 
employing the obtained results to calculate ss 
positional information concerning a plural- 
ity of locations at which the material for said 
conductive films are to be provided to form 



32. A method according to claim 31 , wherein said step 
of forming said electron emitting unit includes a step 
ot electrifying said conductive films. 

33. A method according to claim 31 or 32, wherein said 
electron emitting elements are electron emitting el- 
ements of a surface conductive type. 

34. A method of manufacturing an image forming ap- 
paratus including steps of: 

manufacturing an electron source according to 
any of claims 28 to 33; and 
assembling the conductive films bearing sub- 
strate opposite to a phosphor bearing substrate 
which is to form an image upon irradiation with 
electrons emitted from said electron source. 

35. A method according to claim 34, wherein the step 
of forming electron emitting units, recited in said 
claims 2B to 33, is performed after said step ot as- 
sembling. - - 
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